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ABSTRACT 


Analysis of the records of 29 Hereford and 14 Angus herds enrolled 
on the Federal-Provincial Beef Cattle Record of Performance Testing 
Program in Alberta from five to 1] years indicated a lack of improvement 


in the production traits in these herds. 


The weighted regression over years of the performance of the 43 
herds for preweaning ADG, end-of-test conformation score, post-weaning 
ADG and weight-per-day of age showed that only the conformation traits 
had shown acceptable response. For males, for the four traits 
respectively, only three, eleven, six and three of the 43 herds showed 
a level of improvement that was significant (P<0.05). For females, 
significant improvement occurred in two, eight, eight and five of the 


43 herds for the four traits respectively. 


Performance records on two lines of beef cattle from the University 
of Alberta Beef Cattle Breeding Project were analyzed to determine 
genetic trends in birth weight, adjusted 180-day weaning weight, 365-day 
weight and 540-day weight. In all but the birth weight trait, a 
consistent level of improvement occurred in both sexes. Males were not 


weighed at 540 days of age. 


The analysis of performance records in two commercial herds showed 
a marked degree of improvement in weight-per-day of age at weaning due 


to the influence of selection and crossbreeding. 


Among the factors that contributed to the failure of many of the 


herds to make improvement in the weight traits were placing too much 
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emphasis on conformation score, declining creepfeeding trend over years, 
use of the same sire for many years, use of sires that were not 
performance tested, rapid expansion of cattle herds, selection for 

breed characteristics with no economic value and insufficient number of 


years of performance testing. 


|t was recommended that intensive consulting services on the use 
of records be provided and that the indexes of sire and dam be included 


on worksheets and in summaries. 


A periodic evaluation of the progress of each participant would 
be desirable in order to avert any serious trends in the performance 


of their cattle. 
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INTRODUCTION 


Improvement can generally be made in all classes of domestic 
animals by the use of a rigidly executed selection program. Selection 
is the major force that changes the genetic makeup of a population. 
Genetic variation within a population is necessary for an effective 


selection program. 


The Alberta section of the Federal-Provincial Beef Cattle 
Performance Testing Program was inaugurated in 1959. This program 
provided an opportunity for the purebred beef cattle breeder to 
evaluate the performance of individual animals within his own herd. 
The four traits that are considered under this beef cattle improvement 
program are (1) preweaning average daily gain, (2) post-weaning 
average daily gain, (3) end-of-test conformation score and (4) weight- 


per-day of age taken at the end of the post-weaning gain test. 


In recent years, there has been much speculation by extension 
livestock specialists, animal geneticists and beef cattle producers 
concerning the impact that the Record of Performance (ROP) Program has 
had on the improvement of beef cattle herds in Alberta. The purpose of 
this study is to determine if any significant trends in performance 
have occurred as a result of this program, to discuss the significance 
of these trends, and to suggest possible ways to increase the 
effectiveness of the program as a tool in the improvement of production 


traits in beef cattle. 
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LITERATURE REVIEW 


1. The History of Selection 


Selection in one form or another has been common in all classes of 
domestic animals for many decades. With the work of Robert Bakewell and 
his contemporaries in England during the late 1700's, breeds were started 
and the use of the show-ring and of records began as a means of developing 
farm animals along special use lines (Lasley, 1963). As a result of 
this foundation work, breeds of cattle were developed specifically for 
their ability to produce either meat or milk. The need to constantly 
strive for improvement in farm animals by the use of selection cannot 
be over-emphasized if the objectives originally set up during the 
development of animals for special uses are to be maintained and 


strengthened. 


ll. Non-Genetic Factors Affecting Preweaning Performance in Beef Cattle 


Expected genetic change from selection is increased by accurately 
adjusting for various environmental factors which are readily identifiable 
in beef cattle improvement programs. The major non-genetic factors that 
influence the preweaning gains of beef calves are age of dam, sex of 
calf, month of birth, year of birth, age of calf at time of weaning 


and the management practices within the herd. 


A. Age of Dam Effects 


It is well documented that there are consistent differences 
occurring in weaning weights of beef calves that can be explained 


entirely by differences in the ages of the cows mothering the calves. 
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If no age of dam adjustments were made at weaning, the genetic worth 


of calves from younger and oldér cows would be underestimated. 


Botkin and Whatley (1953) reported adding 35 and 15 1b. to the 
weaning weights of calves from three- and four-year-old cows respectively. 
In this study, cows five years old and older produced calves with 


similar weaning weights and, thus, were considered as mature. 


Koch and Clark (1955) found weaning weight adjustment factors 
for age of dam to be 41, 18, 6, 0, 3, 6, 12 and 24 Ib. for three- to 
10-year-old cows respectively. This study concerned 5,952 Hereford 


calves born during the period 1926 to 1951. 


Clum et al. (1956) reported adjusting calf weights to a mature 
dam equivalent by adding 63, 35, 12, 5, 3, 8, 18, 34, 53 and 53 Ib. to 
cows aged 1, 2, 3, 4, 11, 12, 13, 14, 15 and 16 years respectively in 


calf growth data collected over a 25-year period. 


Marlowe and Gaines (1958) reported results of a study involving 
4,166 non-creepfed calves and 2,007 creepfed calves in 44 Angus, 19 
Hereford and three Shorthorn herds. Age of dam adjustment factors for 
2-, 3-, 4-, 5-, 6 to 10-, 11 to 13- and 14 plus-year-old cows were 1.20, 
1.10, 1.06, 1.03, 1.00, 1.05 and 1.15 respectively for non-creepfed 
calves and 1.14, 1.08, 1.03, 1.01, 1.00, 1.03 and 1.08 respectively for 


creepfed calves. 


Reporting on 2,528 calves of various breeds and crosses, Reynolds 
et al. (1958) found that calves from two-, three- and four-year-old 
cows were 67, 35 and 15 lb. lighter respectively than calves born from 


dams five to twelve years of age. Correction factors for cows 2, 3, 4, 
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1] and 12 years of age were 1.09, 1.09, 1.05, 1.03 and 0.06 respectively 
using data from records of grade Hereford and Angus herds at various 


experimental stations throughout Mississippi (Meade et al. 1959). 


Brown (1960) reported that, in one Hereford herd and one Angus 
herd under fairly high levels of management, 180-day weaning weights 
for Hereford calves were adjusted for age of dam as follows: +36, +17, 
+6, -8, 0, -6, -28 and -17 lb. for Hereford cows in their first to 
eighth lactations respectively. Adjustment factors for the Angus herd 
were +14, +2, -9, -6, 0, -10, -33 and -9 Ib. for cows of the same ages. 
A second Angus herd under a rather low level of management indicated a 
very different adjustment schedule. In this herd, for cows in their 
first to eighth lactations (two to nine years of age) respectively, 
adjustment factors were as follows: +64, +36, +17, +22, 0, -9, 0 and 
+18 Ib. These data indicated the need for consideration of age of 
calf and system of management in the standarization of calf weight 
records for age of dam. The development of correction factors for use 
under systems of management and environmental conditions similar to 


those under which they are to be applied are indicated by this study. 


Holzman (1960) recommended the addition of 70, 35, 20, 10, 20, 
25 and 40 Ib. to the weaning weight of calves out of 2-, 3-, 4-, 9-, 
10-, ll- and 12-year-old dams respectively to adjust for age of dam 
effects. One hundred and eighty-day weaning weight adjustment 
factors for age of dam from three to 10+ years of age were found to 
be +30, +17, +5, 0, -1, -3, -] and +5 kg. in another study (Brinks 


et al. 1962). 
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Marlowe (1962) summarized over 21,000 records accumulated during 
the period 1953 through 1959 by age, month of birth, sex of calf and 
age of dam in the Virginia Beef Cattle Improvement Association 
Performance Testing Program using growth adjustment factors based on 
a study by Marlowe and Gaines (1958). He reported influence of age of 
dam on preweaning average daily gain as shown in Table 1. Growth of 
the calves increased as the age of the cows increased up to seven years. 
The level of calf growth remained the same through 10 years among the 
Angus cows and through 11 years before dropping off among the Hereford 
cows. The number of Shorthorn calves was too small to draw any definite 
conclusions but they appeared to follow the pattern of the other two 


breeds. 


Lawson and Peters (1964) reported age of dam adjustment factors 
for calf weaning weight of 72, 37, 18 and 9 lb. for 2-, 3-, 4- and 9-year- 
old cows respectively in 219 Hereford and Highland calves and their 
reciprocal crosses. Brahman by Angus crossbred calves for three-year-old 
dams were 37 Ib. lighter at 180 days and those from four-year-old dams 
were 15 lb. lighter at 180 days than calves from dams five years old 


and older (Vernon et al. 1964). 


Burgess and Bowman (1965) reported on a study of 1,372 Hereford 
bull calves on the Ontario Advanced Registry Policy. It was found that 
calves from two- and three-year-old cows were 34.3 and 13.5 lb. lighter 
respectively than the average of all dams. Cows eight years old and 
older were found to wean calves that were 13.5 lb. above the average 
for all cows. This was explained by the older cows having been 


subjected to the culling process for a longer period of time. These 
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older cows had been proven to be capable of raising fast growing calves. 
These researchers found that old cows under good environmental conditions 


were equally as good as middle aged cows in producing calves. 


Marlowe et al. (1965) reported age of cow to have a significant 
(P<0.01) effect on calf gains in 111 Angus and 82 Hereford herds. Calf 
gains increased with age of cow from two to seven years, remained 
constant with age of cow from seven through 11-year-old cows and decreased 
slightly as age of cow increased slightly beyond 1] years. Minyard and 
Dinkel (1965), working with weaning weight data on 1,915 purebred 
Hereford and 436 purebred Angus calves from 20 private herds, reported 
age-of-dam adjustment factors as follows: 69, 33, 21, 13, 4, 3, 0, 9, 
Poee,. 30 and 41°1lb. for .2-, 3-;, 4=; 5-, 6-, 7-,08-, 9-, 10-,. ll-5 12-, 


and 13+ year-old cows respectively. 


Warren et al. (1965) reported that, in performance records of 
28,493 Hereford, Angus, grade Hereford and Santa Gertrudis calves in 
the Georgia Beef Cattle Improvement Association program from 1958 
through 1964, age of dam adjustment factors obtained for cows from 
two to 12 years old respectively were as follows: 1.17, 1.12, 1.07, 
1:04, 1.03. 1.02, 1.00,°1.01,°1.01, 1.01 and 1.03. Mean weaning 
weights increased as age of dam increased through eight years. Eight-, 
9-, 10- and 11-year-old cows produced calves of similar weights. Calves 
from cows 12 years old and older were comparable to calves from cows 


five and six years of age. 


Cundiff et al. (1966), using data on 13,937 Hereford and Angus 
calves recorded in the Oklahoma Beef Cattle Improvement Association 


program from 1959 to 1962, reported 205-day weaning weights to have 
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increased 22 kg. as cows increased in age from two to four years. 
These researchers felt that this would suggest that classifying cows 
into three- to five-month increments between two and four years of age 
would result in more accurate corrections than those resulting from 
yearly increments. It was found that the effect of age of dam was 
essentially the same regardless of sex, breed, type of pasture, season 


of birth and type of management. 


A summary of the effects of age of dam on weaning weight in 


beef calves is shown in Table 2. 


In a study of data on 1,627 Hereford calves, a significant 
interaction between year and age of dam showed that in poor years 
there was a.marked trend for the weaning weights of calves from 
young cows to be more adversely affected than weaning weights of calves 
from mature cows (Harwin et al. 1966). At weaning, calves from two- 
year-old cows averaged 21.3 kg. lighter than calves from mature cows 
during the five most favorable years, while during the five poorest 
years the difference was considerably greater at 39.9 kg. This is 


in close agreement with Vernon et al. (1964). 
B. Sex of Calf Effects 


The adjustment of weaning weights of beef calves to a common 
sex basis is essential when the calf production records of cows ina 
beef cattle breeding herd are compared. In general, bull calves are 
found to be slightly heavier at weaning than steer calves which are, 
in turn, slightly heavier than heifer calves (Tables 3 and 4). These 


weaning weights are commonly adjusted either on an additive (Table 3) 
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Table 3. Additive weaning weight adjustment Paetonss 
for sex of calf in beef cattle 


Sex of Calf 9 
Author Bull Steer Male Heifer 
Botkin and Whatley (1953) 24.6 
Koch and Clark (1955) 26.2 
Clum et al. (1956) 25.2 
Reynolds et al. (1958) 34 
Meade et al. (1959) 24.3 
Zh .3 
Brown (1960) 57 
33 
22 
Pahnish et al. (1961) 4-99 
72799 
oN he Wf 
Meade et al. (1963) 31 20 
Lawson and Peters (1964) 19.4 
Vernon et al. (1964) 53 
4] 
scooper et al. (1965) 
Minyard and Dinkel (1965) 34 
Warren et al. (1965) 6.7 


Bradley et al. (1966) 


Harwin et al. (1966) 33 


1 in pounds 
2 adjustment based on heifer weaning weight 
3 trend followed but no specific information given 
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Table 4. Multiplicative weaning weight adjustment factors 
for sex of calf in beef cattle 


Sex of Calf beasts for 

Author Bul] Steer Male Heifer Adjustment 
Clum et al. (1956) .00 1.08 male 
Marlowe and Gaines (1958) 0.96 1.00 1.08 steer 
0.95 1.00 1.08 steer 
Meade et al. (1959) .00 1.06 male 

Brinks et al. (1961) 0.94 0.95 1.00 heifer 

Swiger et al. (1961) 0.91 1.00 heifer 

Swiger et al. (1962) 0.95 0.94 1.00 heifer 
Marlowe et al. (1965) 0.93 1.00 1.06 steer 
Loganathan et al. (1965) .00 1.09 male 
Warren et al. (1965) 0.94 1.00 1.04 steer 


bite ti is formed by setting one of the sexes equal to 1.00 and comparing 


the other sexes with this base. 


a 


2103267. HomdeuL be ing tow pninsow peer 
. 914969 ts9d Ai Hes" 


: f 
1ot 21268 
_ onemd eu, bA 497i 9H sish 


80. 


‘gtem 


isste2 
1ssie 


sism 
astien 


1stisa 


pniasqmos bns 00.1 of Gauge 29x92 aft Yo sno pnistse yd™ 


80. 
80. 


do. 
00. 
00. 
00. 
30. 
e0. 
40. 


: 


: 
{ 


t£s0 0 xse¢ 


00. 


issi¢ 


00.1 


00.1 


c@.0 


wl xse 107 


-ge.0 (Beet verenae 


s 


ce. 0 

“(@een) Ae z 
se.0 (faet) Is ts. edo 
1.0 (raer) . on Ae 
20.0 (9aeF), fs 2 —) 


£e.0- (ager) ie ewol 
ys d ae 


(28@t) .18 39 nena 
(2def) ee 


£ ie —_— 


#e.0 


~ 


- 926d eins - asiw: 


V2 


or multiplicative (Table 4) basis to either a steer or heifer basis. 


Several workers have indicated a rather definite trend for the 
difference in weaning weight between bull and heifer calves to be more 
pronounced as the level of environmental conditions (accessibility of 
a creepfeeding apparatus, favourable forage growing seasons, increased 
age of calf and increased age of dam) braved (Clum et al. 1956; 
Marlowe and Gaines, 1958; Brown, 1960; Vernon et al. 1964; Cooper et 
al. 1965; Marlowe et al. 1965; Pahnish et al. 1965; Harwin et al. 1966). 
This differential response appeared to be associated with the greater 
| growth potential of bull calves, tending to make them more susceptible 
to preweaning limitations in nutritional environment and to readily 
increase the growth margin of bull calves over heifer calves when 


subjected to a high level of nutritional environment. 
C. Month of Birth Effects 


Month or season of birth is a major non-genetic factor that 
affects the weaning weight of beef calves at a standard age. Weaning 
weights are usually adjusted to a standard 205 day age by subtracting 
birth weight from weaning weight and dividing the difference by days 


of age, then multiplying by 205 and adding the birth weight. 


Clum et al. (1956) reported March calves were heaviest, being 
31 1b. above the 25-year average for adjusted weaning weights. 
September calves were 36 Ib. lighter than the mean. The data in this 
study were adjusted for month of birth effects by adding -12, -18, -21, 
-17, -8, 0, +8, +12, +15, +11, +4 and -5 Ib. to weights of calves born 


during the twelve months January to December respectively. 
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Season of birth was reported to be of statistical and practical 
importance for growth rate of non-creepfed calves but of little 
importance on creepfed calves (Marlowe and Gaines, 1958). Non-creepfed 
calves born during June through September grew about 0.1 lb. per day 
slower than those born February through May. Another group of researchers 
are in rather close agreement with this work; calves born in April, May 
and June were eight, 25 and 38 lb. lighter at 205-day weaning than the 
average of calves born in January, February and March (Reynolds et al. 
1958). Calves born in the summer months were 60 Ib. lighter at 205 


days in this study. 


Marlowe (1962) summarized over 21,000 records for month of birth 
in the Virginia Beef Cattle Improvement Association Performance Testing 
program (Table 5). Calves born after June 1 were at a decided 
disadvantage and calves born from August through October were considerably 
below the mean for the preweaning average daily gain trait. Calves born 
during September had the lowest gains of all among the Angus and Hereford 
breeds. There was a gradual increase in gains of calves born between 
September and March, a slight additional increase during March and April, 


a decrease in May, and a drastic decrease after the first of June. 


Vernon et al. (1964) reported that calves born in December and 
January weighed less at birth than those born in February, March and 
April but weighed more at 180 days. This is in fairly close agreement 
with Burgess and Bowman (1965) who found that calves born in the fall. 
and winter were slightly heavier at a standard age than those born in 
spring and summer. Marlowe et al. (1965) reported that calves born 


during February through May gained about 4% faster to weaning than 
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15 
January and June calves, 12% faster than July through October calves 
and 6% faster than November and December calves. Warren et al. (1965) 
reported that September calves were lightest and February calves were 
heaviest. November, January, February arid March calves were comparable 
in weight at weaning and were significantly heavier than October and 


December calves which were comparable to April calves. 
D. Year of Birth Effects 


Yearly changes in the nutritional environment in which the beef 
calf is raised can greatly affect its preweaning growth. Clum et al. 
(1956) reported year effects varied from -51 Ib. for 1942 to +51 for 1949 
over the 25-year period of his study. Year of birth effects ranging 
up to 145 lb. were reported by Meade et al. (1963). Lawson and Peters 


(1964) also found weaning weight to be affected by year of birth. 


The interactions of year of birth and sex of calf reported by 


Harwin et al. (1966) have been previously discussed. 


Ea Age OT, Gare -ctrects 


Marlowe and Gaines (1958) reported on a study where age of calf 
was divided into seven equal periods of 30 days in length (90 to 300 
days). No significant differences were apparent in the growth rates 
of calves from 90 to 210 days of age; a slight decline was evidenced 
in the next period and a rather sharp decline occurred from 241 to 300 
days. The decline in the older groups was thought to be due largely 
to three factors: (1) the cows were approaching the end of their 
lactation period, (2) the growth period extended farther into the period 


of poorer grazing conditions and (3) some of the older calves were 
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16 
weaned prior to the time they were weighted. Marlowe (1962) reported 
that, under some circumstances, some adjustment for age differences 
would be desirable. When creepfeeding was practiced, Angus calves 
under 120 days of age were at a slight advantage and the older calves 
did almost as well as calves between 120 and 240 days. On the other 
hand, Hereford and Shorthorn calves under 120 and over 240 days were at 
a decided disadvantage. However, when calves were creepfed and all 
were weighed within the age limits of 120 to 240 days, there seemed no 
need to adjust gains because of differences in calves' ages particularly 


among the Angus calves. 
F. Other Effects 


The beneficial effects of creepfeeding on calf preweaning growth 
have been already discussed (Marlowe and Gaines, 1958; Brown, 1960; 


Marlowe, 1962: Marlowe et al. 1965; Cundiff et al. 1966). 


Two groups of researchers reported different results with regard 
to previous lactation status. Fitzhugh et al. (1966) reported that 
cows that were not lactating in the previous year produced heavier 
calves. However, Meade et al. (1963) reported that previous lactation 
status had no significant effect on 205-day weaning weight. 

lll. Non-Genetic Factors Affecting Post-Weaning Performance in Beef 

Cattle 

Several factors have been discussed that affect the preweaning 
gains of beef calves. Some of these factors, such as the sex of the 
calf and feeding and management practices, continue to be important 


during the post-weaning period. Other factors such as age of dam, 
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month of birth and year of birth become of somewhat lesser importance 


(Marlowe, 1962). 


A. Age of Dam Effects 


The necessity of adjusting calf weaning weights for age of dam is 
widely recognized. However, there is some hesitancy with regard to the 


need for adjusting yearling weights for age of dam. 


Koch and Clark (1955) suggested fall yearling weight adjustments 
for age of dam were 24, 13, 3, 0, 2, 4, 7 and 14 1b. for 3- to 10-year- 
old cows respectively. Another group of workers reported age of dam 
adjustment factors of +34, +9, +5, 0, -4, -2, +3 and +1 kg. for final 
(386 day) weight for cows aged three to 10+ years of age respectively 
(Brinks et al. 1962). Schalles and Marlowe (1967) reported that age 
of dam had a significant positive effect on the 365-day weight of bulls. 
Waugh and Marlowe (1969) found that yearling cattle out of young dams 
had the slowest lifetime growth rate whereas those out of mature dams 
(six- to ll-year-olds) had the fastest growth rate. The average weight 
differential of Angus bulls and heifers out of two-year-old dams versus 
mature Angus dams was 15.9 kg. for heifers and 20.4 kg. for bulls. It 
appears that post-weaning growth does not always compensate for a poor 


preweaning environment. 
B. Other Effects 


According to Marlowe (1962), age of calf at beginning of test, 
pre-test treatment of calf, length of test period and feed and 
management during the test period have important influences on post- 


weaning gains. Schalles and Marlowe (1967) found that bulls that were 


c a] : | 


i r= od x, | 
sonezrogni reees! terwomoe to smooed david aiene 


? ' 
; ¢ 
ql 
, ane 
a> 7 


rie 


5 = 4 i iar asst 7 
‘ | iia) 0 70: Sal 

ty y i a <i 
21 msb 0 sps 10% etdpisw oninssw tiso, pnisevine Fo. mene 


fa 03 bieps7 diiw chaiastts enoz 21 sient Yewewol -basing . et 


0 — 


.meb to 9ps 10T etdpisw oni freey cnauibe v8 + bs 


a 


ejnems eu(bs santel pniftesy ffst bss eoeene (22eT) tnetd ine Hoh a: 
Syéey-Ol os -E TO? di AT be TA VS 20 CE «EI AS s18W eda ie 


snl 


msb to 906 bsz10q91 21910w to quoip TantonA EO 8 


fenit yo? .pal [+ bns €+ .S- ts 0 .2+ + Het to e1GgaeT mi 


wh 


i 
ny ae 


$p6 i563 bs 541095" (t 3e1) gwolisM bone es! ERGE (saet ts 30 ge 


M 
Py 


ylavitosqzs 26 to 2e169y +0! of eouny bees 2woo 10F nee (y 


.effud 79 jdpisw yeb-2dt ont no Jastis svitiz2oq sieoitinutens fi neb 


emsb pnuoy to tuo sitit6o ent iresy tens bavot (det) swat atten - dips 


: * '. fey 

amsb sivtem to tuo szon2 2sstefw 9361 Atwoip emissi if teawe olen 
, aa : >> as ‘ 

. a el r r a >} ~* ft [on 4 4 
idpisw spsisvs oAT 9361 diwoip sestest sAd ber (2bio BSY~ if on =x 
aa 


> iy Pps ris 
2uetsv amsb blo-1ssy-ows to tuo erstisd bane 2ffud eugnA to a chy 
\ ; is Bi: 


31 .2ffud so? ~pd 8,08 brs erstisi tot .pa e.ef Ba 
7. 1 hay 


4 


10090 6 10t stsensaqmoo re Gr ton eh d3wome: ee 


. tneme 


= 7 


.1283 to partanvape ts. shies to a6 nuke Brice 
_ ws ' 


bas. bast bns. bottisg Sear ms pnsl ale > to tnem 
I 5 leas sm ' Va An k 
, Rios no apd tn sdroqmi saved a 

' ; - 


18 
younger going on test had a heavier 365-day weight. Short yearlings 
(10 to 13 months of age) were found to have the highest growth rate in 
another study (Waugh and Marlowe, 1969) with growth rate decreasing in 


each successive age group. 


In contrast to its effect on growth rate of calves up to weaning 
(Marlowe et al. 1965) month of birth appeared to have no significant 
influence on the growth rate of yearling cattle (Waugh and Marlowe, 
1969). In this same study, creepfeeding was found to have significantly 
increased the lifetime average daily gain of Hereford cattle but had no 
significant effect on Angus cattle. This could be explained by the 
larger milk supply provided by the Angus cows. Hereford yearlings that 
were creepfed as calves had a 0.057 kg. advantage in lifetime average 
daily gain among the bulls and 0.034 kg. advantage among the heifers 


over the non-creepfed cattle. 


IV. Genetic Basis for Selection in Beef Cattle 


Heritability can be defined as the percentage ratio of the additive 
genetic variance to the total phenotypic variance (Falconer, 1960). A 
knowledge of heritability might permit prediction of the rate of progress 
to be expected in the selection of a given trait. Genetic correlations 
between traits enables the prediction of correlated response in one 
trait when selection pressure is applied to another trait. Thus an 
understanding of these concepts would be very helpful in any selection 


program designed for the improvement of production traits in beef cattle. 


Warwick (1958) summarized heritability estimates for various beef 


cattle traits (Table 6). 
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Table 6. Heritability estimates for beef cattle characters 


Character 


No. of 


Ave. of 
Estimates 


Range of 
Estimates 


Estimates 


Birth Weight 
Weaning Weight 


Post Weaning Feedlot 
Gain 


Post Weaning Pasture 
Gain 


Conformation Grade 
at Weaning 


Conformation Grade 
at Slaughter 


Source: Warwick (1958) 
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The heritabilities and correlations between average daily gain 


to weaning, conformation score and average daily gain on feed test have 
been extensively studied. Brinks et al. (1962) estimated the heritability 
of feedlot gain and final weight to be 0.40 and 0.48, respectively. 

They found no serious negative relationship between average daily gain 

to weaning and average daily gain on feed test. The heritability of 
feedlot gain found in this study is similar to that found by Warwick 


(1958). 


Comparable results were obtained by Swiger et al. (1963) who 
reported heritability estimates of 0.28, 0.45, and 0.47 for weaning 
weight, 398-day weight and 550-day type score, respectively. They 
reported small but positive genetic correlations between the weight- 


for-age traits and type score. 


Shelby et al. (1963) reported the heritabilities of final weight 
and feedlot average daily gain to be 0.64 and 0.48 respectively in 10 
years of Miles City steer data. The heritability of feedlot average 


daily gain was similar to that reported by Warwick (1958). 


Brown and Gacula (1964) reported the heritability of type score 
to be 0.15 + 0.15, the heritability of initial test weight to be 0.27 
+ 0.13, and average daily gain on test to have a heritability of 0.93 
+ 0.18. The heritability of type score was somewhat lower than might 
be expected (Warwick, 1958). The heritability of average daily gain on 
test was very high in this study when compared to the results of other 


researchers (Warwick, 1958; Brinks et al., 1962). 


Heritability of preweaning average daily gain was reported to be 
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0.25 for purebred Brahmans but dropped to 0.17 in the Braham X Shorthorn 
crossbred herd due to the estimated negative covariance of additive 
genotype for growth and maternal effect .(Deese and Koger, 1967). These 


estimates are in agreement with results obtained by Warwick (1958). 


Swiger et al. (1965) reported that the heritability of weaning 
weight was 0.58, post-weaning gain was 0.60 and final weight was 0.72. 
In general, these results are somewhat higher than the average of those 
reported by Warwick (1958). They also found the phenotypic correlation 
between weaning weight and post-weaning average daily gain to be 0.61, 
between weaning weight and final weight to be 0.86 and between post- 


weaning average daily gain and final weight to be 0.93. 


Marlowe and Vogt (1965) studied preweaning average daily gain and 
weaning grade in 12,145 Angus calves and 8,279 Hereford calves. They 
reported heritability estimates of 0.38 + 0.03 and 0.31 + 0.04 for 
preweaning average daily gain in the Angus and Hereford calves respectively. 
Heritability estimates of 0.36 + 0.04 and 0.33 + 0.04 for weaning grade 
were calculated for the two breeds respectively. Heritability estimates 
for calf weaning weight were reported to be 0.32 + 0.16 and 0.33 + 0.08 
respectively in Angus and Hereford calves (Minyard et al. 1965). Warwick 
(1958) reported results which are in close agreement to those obtained in 


this study. 


Research on type indicates that the traditional beef type animal 
preferred by most feeders and packers is of little value from the 
growth and cutability point of view. Knox (1957) found that breeding 
for short legs and short bodfes was found to limit the size of cattle, 


and the only advantage of this type of animal was its ability to fatten 
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at lighter weights. 
V. Results of Selection in Beef Cattle 


There are several instances reported in the literature of improvement 
in weight traits due to selection pressure being applied over time in beef 
cattle. Chapman et al. (1969) reported seven years of results in four 
herds of Polled Hereford cattle in which sires used were selected for one 
of the following: high daily rate of post-weaning gain, high weaning 
weight, high yearling type, or a combination of average levels of performance 
in the three first-mentioned traits. On the average, only selection for 
high daily rate of post-weaning gain and high weaning weight produced 


beneficial results in the form of increased weights. 


Using high yearling weight as the sole criterion for selection, the 
Canada Department of Agriculture Experimental Station at Lacombe reported 
sex-averaged yearling weight in a closed herd of Shorthorn cattle to have 
increased by 6.6 1b. per year as compared to the control herd during the 
9-year period from 1960 - 1968 (Newman, 1969). Rahnefeld (1968) at the 
Canada Department of Agriculture Experimental Station at Brandon, reported 
sex-averaged yearling weights in Shorthorn cattle to have increased by 
7.5 lb. per year as compared to the control herd during the 8-year period 
from 1960 to 1967. The selection programs at both stations involved 
complete replacement of bulls and approximately one-quarter of the females 


each year. 


Nelms et al. (1967) reported that, in a closed line of 302 Hereford 
calves born over a 12-year period, increases in birth weight, 180-day 


weight, gain per day on feed test and final weight were 0.70 Ib., 1.78 Ib., 
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0.25 1b. and 6.45 1b. per year. In this study, unadjusted final weight 


was the only criterion for selection. 


Bradley et al. (1966) reported that the progeny of the high-gaining 
sire in their study gained significantly (P<0.05) faster during the 
pre- and post-weaning periods and exhibited significantly (P<0.05) 
heavier weaning and final weights than of the low-gaining sire. These 
sire differences indicate that selection for post-weaning gain significantly 
increased preweaning gain, weaning weight and final weight evidencing 
strong correlated responses between post-weaning gain and the other 
pre- and post-weaning traits. Such is expected on the basis of the 


moderately high heritability estimate (Warwick, 1958). 


Flower et al. (1964) reported an estimate of the mean average 
genetic gain for birth weight and weaning weight in seven lines of 
Hereford cattle to be 0.96 Ib. and 4.56 lb. per year respectively during 


an eight year selection program. 


VI. Commercial Application of Beef Cattle Performance Testing 

Programs 

Wentworth (1933) stated that, in the early 1930's, phenotypic 
selection still governed beef cattle breeding and that it was too far 
removed from market requirements. The industry was faced with the 
problem of making the grading of dressed carcasses compare with the 
grading of animals on foot. It was suggested at this time that selection 
be geared toward direct measurement and that accurate standards of values 


be found. 


The first research into the feasibility of beef cattle performance 


programs was initiated by the U.S.D.A. at the U.S. Range Livestock 
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Research Station in Montana during the period 1930 to 1935 (Baker, 1967). 
The period 1945 to 1950 brought the beginning of the first extension 
beef programs in California, New Mexico and Montana. The early 1950's 
found the inauguration of beef cattle performance testing programs in 
several states. The use of computers for the processing of field data 
began at this time. The next several years showed pronounced growth 
in beef cattle improvement programs, beef cattle improvement associations 


and bull and steer testing stations. 


Maddox (1967) reported that the breed improvement program the 
American Angus Association established in 1959 had 523 breeder participants 
as of February 16, 1966. During 1965, 31,903 weaning weights and 11,027 
yearling weights were recorded. The American Hereford Association 
established their improvement program in September, 1964. As of March 1, 


1966, 25,300 cows were enrolled in the program. 


Mast (1967) reported that the Extension Service of the U.S.D.A. 
was involved in beef cattle ROP programs covering 7,480 herds and 518,53] 


cows in 1967. 


The Canada Department of Agriculture has been involved in the 
performance testing of beef cattle since 1956. After twelve years, the 


testing of beef cattle has become quite popular in Canada (Table 7.) 


The province of Ontario does not participate in the Federal-Provincial 
beef cattle performance testing program but has its own program under the 


supervision of the Ontario Department of Agriculture and Food. 


Alberta has had greatly increased breeder participation in the 


Federal-Provincial Record of Performance program for beef cattle since 
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Table 7. Herds and calves on test in Canada by province in 1967 


No. Calves 


Province No. Herds Weighed 
British Columbia 34 830 
Alberta 175 3% 3 10 
Saskatchewan 146 3,558 
Manitoba ks 1,244 
Quebec 3 9] 
New Brunswick 13 78 
Nova Scotia 8 4O 
424 bigd5! 


Source: Twelfth Annual Report on Record of Performance for Beef Cattle 
in Canada - 1967-1968. Canada Department of Agriculture, Ottawa. 
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its inauguration in 1959 (Table 8). 


Rutherford et al. (1966) reported results of 227 survey replies 
from 1235 southern Indiana commercial beef cow herd operators. These 
replies were divided into three groups based on herd size. The survey 
requested that the producers stipulate which three factors froma list 
of eleven that they consider to be most important ‘when buying a herd 
bull. These eleven factors were: (1) size, (2) show winnings, (3) health, 
(4) age, (5) price, (6) conformation, (7) weight, (8) reputation of the 
breeder, (9) breed type, (10) line of breeding and (11) other. Operators 
in all three groups picked conformation and size as the first and second 
most important factors respectively. In the small size cow herds, health 
and breed type were equally important as the third factor. Reputation 
of breeder was the third most important factor for medium and large size 
cow herd operators. Show winnings was considered least important in bull 
selection by all three groups. A second aspect of the survey involved 
the price each herd operator paid for bulls. Small herd operators paid 
an average of $313.58, medium herd operators paid an average of $380.86 


and large herd operators paid an average of $483.22 for their bulls. 


Marlowe (1969) reported that, at the BCIA bull testing station 
sales at Culpeper, Virginia from 1959 to 1968, the most important 
criterion in the selection of 791 Hereford and Angus bulls by bull buyers 
was type and conformation as evaluated by a numerical grade. The grade 
range was from 12 to 16. The average increase per grade point was $110.00 
among the Angus bulls and $170.00 among the Hereford bulls. The importance 
of 365-day weight and lifetime ADG as criteria in bull selection was quite 


different for the two breeds. Angus bull buyers placed great emphasis 
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Table 8. Herds and calves on test by year in Alberta 


On Weaning Test On Feed Test 
Year No. Herds No. Calves Weighed No. Herds No. Calves Weighed 


59-60 54 1,169 ba 1,059 
60-61 63 1,795 63 1,506 
61-62 60 2,095 60 1,699 
62-63 76 2,703 74 2,264 
63-64 9] 3,105 87 2,479 
64-65 97 3,673 32 3,319 
65-66 122 4 599 119 35723 
66-67 147 5,724 142 4 825 
67-68 174 6,659 177 5,690 
68-69 220 7,760 215 6,399 
69-70 397 ! 14,625 378 11,605 

53,907 44 508 


ne nc ee UE EI ENE DRIER ERE RREER RRR 


Source: Lore (1970) 
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(second only to grade) on lifetime ADG. Hereford bull buyers placed 
their emphasis on 365-day weight instead of lifetime ADG. When an index 
value was substituted for final grade and lifetime ADG, each index 
point above the average was worth approximately $25.00 for either 


Hereford or Angus bulls. 


8s | - \ ae is 
beos!q eveyud Ilud biots 13H - ain 


4 tps. j laa 4 
xebni ae not .20A smitsii! to bsedenl ne 1 ete 


ae Pn 


veg ie: 
tentis baal 00. ase ylotsmixorggs aay 26w ove 18V6° ert 


A, ba 
toh upnA 10 
5 te ) 


xobni docs ,90A omizstil bas sbsxe heat yor t 


29 
EXPERIMENTAL 


1. Objectives 


This project was undertaken to: 

(1) determine what changes, if any, have been made in preweaning 
average daily gain (preweaning ADG), post-weaning average daily gain 
(post-weaning ADG), weight-per-day of age at end of test (WDA), and 
end-of-test conformation score (CS) in beef cattle herds enrolled in the 
Federal-Provincial Purebred Beef Cattle Performance Testing Program in 
Alberta since its inauguration in 1959, 

(2) evaluate progress in terms of the expected and propose 
modifications, if necessary, and 


(3) determine the relationships among the four traits studied. 
11. Materials and Methods 
A. The Record of Performance Program 


The main source of data was from the Alberta section of the Federal- 
Provincial Record of Performance (ROP) Program. The main features of this 
program in Alberta according to Lore and Davies (1969) are: 

(1) The program is designed to assist breeders to identify and 
select, on a within-herd basis, breeding stock of high calibre for both 
body conformation and performance. 

(2) The program is a home test to cover the entire herd. 

(3) The calves are weighed at weaning, as close to 190 days as 
possible. 

(4) Calves are accepted in groups of not less than five and not 


more than 90 days range in age within a group. 
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(5) The feeding period is 168 days in length and does not allow 
for an adjustment period after weaning. The feeding of or implanting of 
hormones is prohibited. 

(6) The use of a foster mother or nurse cow is prohibited. 

(7) The report to the breeder, upon the completion of the feeding 
test, is to contain the following information: 

(a) average daily gain, birth to weaning, 

(b) index of average daily gain, birth to weaning, 

(c) average daily gain during the feed test period, 

(d) index of average daily gain during the feed test period, 
(e) average daily gain, birth to end of test, 


(f) lifetime gain index. 


The correction factors used for adjusting of calf weaning weight 
for age of dam for two-, three-, four- and five-year old cows are 1.13, 


1.09, 1.06 and 1.03, respectively. 


The conformation score is based on a visual appraisal of all 
animals placing them into one of five categories as follows: 

(1) Choice 

(2) Very Good 

(3) Good 

(4) Commercial 


(5) Reject 


There were no precise standards by which an animal was conformation 


scored. 


Data was also available on two lines of beef cattle from the 
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University of Alberta Beef Cattle Breeding Project at Kinsella. The 
University of Alberta established what might be called a breed development 
project in 1960. The plan was to compare progress from selection for 

high yearling weight in a straightbred herd (Hereford) with that from 


within a hybrid foundation (Charolais, Angus and Galloway combination). 


In addition, thirteen years of continuous data was available from 
each of two commercial ranches in Alberta. These ranches, designated 
in this study as Commercial Ranch A and Commercial Ranch B, used high 


growth rate as the main criterion for selection. 
B. The ROP Data 
(i) Source 


The Data Processing Centre of the Production and Marketing Division 
of the Canada Department of Agriculture forwarded duplicates of all data 
cards for the calves born during the years 1962 to 1967 inclusive. 
Performance results for calves born during 1968 and 1969 were obtained 
mainly from field records. Data card records for the calves born during 
the years 1959 to 1961 inclusive were either missing or in poor condition, 
and, as a result, were not available, as such, for this analysis. It 
was necessary to revert to the original field records and to repunch the 


missing data to make a complete analysis. 


(ii) Adjustment 


Data was recorded on computer punch cards using one card to cover 
each of the three phases of the performance test. The first card was 


the ''weaning card!! on which all information for each animal pertinent 
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32 
to the period prior to weaning was recorded (Appendix A, Table 1). The 
second card was the ''feed card'' (Appendix A, Table 2) on which pertinent 
feed test period information was punched. The third of the three punch 
cards for each animal was the ''final test card'' which summarized, to an 
extent, the data pertinent to the entire test period (Appendix A, 
Table 3). Data from the cards were transfered to 9-track IBM Magnetic 
Tape and at the same time the three-card system was combined into a 


single record for each animal (Appendix A, Table 4). 


Actual average daily gain to weaning was used instead of adjusted 
average daily gain to weaning because of variations in the adjustment 
used from year to year in correcting preweaning average daily gain for 
age of dam and because of the difficulty in obtaining this information 


from the field data. 


(iii) Description 


Two criteria were considered when deciding which of the herds on 
the ROP program would be included in the evaluation; namely, the number 
of ‘am of performance testing within a herd and the number of animals 
on test. No herds were selected for evaluation unless (1) the owner 
had joined the program in its initial year of operation or (2) there 
was evidence of a relatively large herd size and continuous performance 
testing each year. Forty-three herds, of which 29 were Hereford and 14 
wereAngus were thus chosen for analyses. Weaning weights from 18,176 


calves were available (Table 9). 
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Table 9. Number of cattle on performance test evaluation 
by breed, trait and sex 


No. Calves No. No. On No. On 

Breed , Sex Weaned Type-Scored Feed Test WDA Test 
Hereford Mx 5,667 ae125 4 788 4 788 
Fux 5,053 3,545 D535 | 5355 
Total - Tl 520 6 ,668 10,143 10,143 
Angus M 3,485 be7zt 2,625 2,625 
F Sig 1,646 2,489 2,489 
Total - 6 ,656 3,367 5,114 5,114 
Grand Total - 18,176 10,035 15257 15,257 


* Males (Bulls) 
** Females 


C=""The Analyses 


An |BM 360-67 computer was used to calculate regressions and 


mean squares. The computations followed procedures outlined by Steel 


and Torrie (1960). 


Means were calculated for each of the four traits 


on a within-herd, within-sex, within-year basis (Appendix B, Pages | 


to 23). Weighted regression analyses were calculated using these 


averages. The major Fortran program for the analyses consisted of 


278 statements (Appendix B, Pages 24 to 30). 
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Prt. Results 


lt must be emphasized that extreme differences in the 
environmental factors that each of the 43 herds was tested under 
meant that a highly accurate analysis of the effect of the ROP program 
on Heef cattle improvement was almost impossible. Among the varying 
environmental factors were year effects, age-of-dam effects (actual 
piateantne average daily gain was used), creep feeding effects, and 
extreme differences in the levels of general management between and 


within herds. 


Regressions of each trait for each herd over the years of record 
were used to estimate change in each trait per year. These are given 
in Tables 10 and I1. Results for each trait will be presented in 
relation to the number of herds having significant (P<0.05) Seat oder 
or negative regressions as well as the number of herds in which no 
significant change in the trait could be detected. It was necessary 
to multiply all results associated with conformation by minus one 
because a decline in conformation score would indicate an improvement 


in the conformation of the animal and not a decline for this trait. 


The relative effects of crossbreeding and selection in beef 
cattle improvement at Commercial Ranches A and B were not determined. 
This approach to beef cattle improvement was evaluated only on its 


overall merit in increasing the rate of growth of cattle. 
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Table 10. Regression coefficients with standard errors of the four traits 
on years in males 


Preweaning Conformation Post-Weaning Weight-Per-Day 

Herd ADG Score ADG Of Age 
TH-AAIN  -0.203*+ 0.045 -0.054 + 0.040 0.141.4.0.060 -0.100*t 0.022 
H-AET 0.006 + 0.012 0.181*+ 0.037 0.010, 2,0 02 0.019 + 0.018 
H-ARJ Ue OO) 5 0.052 +.0.028 -0.092%+ 0.021 -0.043*+ 0.016 
H-ASL =) 1597+, 0,.029 -0.097 + 0.099 0.003 + 0.143 -0.099 + 0.074 
H-BBF -0.032*+ 0.014 O.183*+-0.036° =0.007,4.0.019° =0.033%2.0.0]3 
H-BGN -0.044*+ 0.015 0.052 + 0.059 -0.057*+ 0.018 -0.084%*+ 0.018 
H-BKP 0.015 + 0.018 0.046 + 0.028 0.046*+ 0.020 0°626-4,0.019 
H-BSB =-0.070 + 0.028 0.050. 20.110 0.037 + 0.060 0.001 + 0.049 
H-BVZ 0.007 + 0.028 Oa sO gta Util O On021 at e0auad 0.030 + 0.035 
H-BZD =J°0z21 + 0.019 0.177%+ 0.055 -0.045 + 0.040 -0.063*+ 0.017 
H-DEE i i ro age we 6 -0.000 + 0.034 0.000 + 0.023 C2010 220.021 
H-DSF -0.001 + 0.014 -0.014 + 0.020 0.005 + 0.021 -0.002 + 0.019 
H-ETU =, a pul Opal « I a Ao eg 8 RS prot lO ab 0.046 + 0.048 -0.007 + 0.028 
a ball 4 6 = 010 + 07022 -0.064 + 0.033 OeOo tee. .0s 5 0,046.+,0.032 
N=-E ol -0.024 + 0.019 =)-O0Grt s0cO 2 #s0.;Om lt O02) ) 2050) / teu.Us 5 
H-GDT -0.027 + 0.020 0.014 + 0.039 aod WE AST = ved Bt Za Ea bad 8b a din hd 6 Dk a 
H-GUR cl eA oF Dam ind © fe 1 0.010 + 0.051 (a Bh We de tees shed we G18) O, 11/220 ,.020 
H-HDA -0.019*+ 0.006 Or0s55220.020 =0.002 +70 006 =0°013. 2.0 0135 
H-1AY -0.049%*+ 0.015 0.104*+ 0.018 0.098*+ 0.029 0.002 + 0.016 
H-1BO 0.008 + 0.008 0.116%+ 0.034 -0.016 + 0.016 -0.010 + 0.016 
H-JNT -0.003 + 0.018 0.000 + 0.027. -0.081*%+ 0.017 -0.048*+ 0.019 
H-MC | -0.007 + 0.010 i aes on Wg 2 pa Oc0alar-O.OLo 20,000 2200025 
H-MFM -0.009 + 0.011 0.021 + 0.053 070315270 -021 0.007 + 0.016 
H-OHB -0.029 + 0.025 0.110*+ 0.042 0.054 + 0.072 -0.024 + 0.054 
H-OTH =(.04/7.+.0.029 0.081 + 0.065 -0.076 + 0.056 -0.042 + 0.046 
H-R10O 0.035*+ 0.014 Or 04st 0.085. 9" =O 0015 2.0.01/ OO. asta .U LS 
H=SBF 0.030*+ 0.010 O. Peont 0,055. -0 032 2.0 019 20 009 20. ke 
H-UP -0.059*+ 0.024 0.126 + 0.078 -0.015 + 0.028 -0.026 + 0.020 
H-XUB SO hse 20 alle. | 0.010 + 0.036 -0.005 + 0.023 -0.015 + 0.026 
2A-AYE =2019 +.0.015 -0.035 + 0.061 O° Gr 220.020 0.005 + 0.023 
A-BBP -0.003 + 0.011 CO 0Guet-0.,0%2, =O.010 7°20 (lo -: 20,019 2.0.015 
A-BC -0.042 + 0.019 0.004 + 0.059 G00 / tt e0.0e/ seQ lle. tO 022 
A=CCE 0.010 +'0.014 0.049 + 0.030 0.005 + 0.016 -0.014 +.0.013 
A-CMA 0.013 + 0.009 -0.015 + 0.016 On002 220.0080 0.005 + 0.006 
A-DHR 0.044*+ 0.005 -0.094 + 0.067 -0.021 + 0.024 0.037 + 0.018 
A-DHV 20001 22.0.013 0010+. 02055 0.032 + 0.016 0.005 + 0.015 
A-FHR 0.014 + 0.048 00 Yee OO 0.066*+ 0.025 O07. 2.0045 
A-GBG 0.009 + 0.009 Ocuz0.¢ 0.127 0.060*+ 0.016 Oe st aS 
A=JST 0.009 + 0.016 0.120 + 0.043 0.046 + 0.037 0.038 + 0.017 
A-MN wel A Ml ane en © onl es -0.016 + 0.014 0.048*+ 0.019 0.018 + 0.021 
A-OAF 0.008 + 0.016 0.179*+ 0.024 Oa. ta ies 0.016 + 0.022 
A=TLT 0.030 + 0.014 0.046 + 0.041 OU oe aU atkLi a ea OB 9 ow 
A-VN Oruz0 + O.Uz2 0.132*+ 0.026 0.054 + 0.027 0.055*+ 0.013 


Se —— 
Regression significantly different from zero at (P<0.05) 

1 Hereford 

2 Angus 
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Table 11. Regression coefficients with standard errors of the four traits 
on years in females 


Preweaning Conformation Post-Weaning We ight-Per-Day 

Herd ADG Score ADG Of Age 
TH-AAIN =Qeblgek: 0.023 -0.097 + 0.053 -0.023 + 0.084 -0.107 + 0.033 
H-AET -0.004 + 0.012 0.173%*+ 0.052 0.038*+ 0.012 0.015 + 0.009 
H-ARJ 0.002 + 0.018 0 .020e+00),027 0.004 + 0.038 -0.003 + 0.015 
H-ASL -0.066 + 0.021 -0.163 + 0.070 -0.076 + 0.080 -0.136 + 0.056 
H-BBF -0.023 + 0.012 0.113*+ 0.040 -0.000 + 0.015 -0.013 + 0.011 
H-BGN -0.059*+ 0.011 Be0) se. -0.020 + 0.021 -0.074*+ 0.014 
H-BKP 0.018 + 0.009 0.053 + 0.047: 0.068*+ 0.017 0 203404 0.017 
H-BSB =07050°t "07022 -0.026 + 0.061 0.012 + 0.039 -0.048*+ 0.018 
H-BVZ 0.006 + 0.015 0.000 + 0.090 D012. 20.027 0.025 + 0.029 
H-BZD -0.025 + 0.019 0.126 = 0.076 -0.012 + 0.029 -0.055*+ 0.012 
H-DEE 0.0.16, +. 0...012 -0.006 + 0.018 FO. 027 @ 0.019 -0.010 + 0.019 
H-DSF -0.016 + 0.014 0.061*+ 0.015 0.065*+ 0.020 0.020 + 0.018 
H-ETU -0.050 + 0.031 =(,007, +..0.027 -0.007 + 0.047 -0.037 + 0.023 
H-EZC =0,01/-2-0:0N 0.033 + 0.091 -0.010 + 0.014 02024 +.) OeOl7 
H-FS| 0.000 + 0.013 -0.050 + 0.045 0.039 + 0.019 0.034 + 0.024 
H-GDT =O. Oliet: 0.013 0.069 + 0.039 0.028 + 0.017 0.003 + 0.016 
H-GUR e0.013 2 0:011 -0.064 + 0.142 6 a EF a Re ta a | 0.104*+ 0.031 
H-HDA -0.005 + 0.007 0.001 + 0.099 0.025 + 0.015 0.007 + 0.008 
H-1AY -0.037 + 0.016 0.015 + 0.020 0.065*+ 0.019 0.001 + 0.015 
H-1B0 0,.005e+ 0.007 0.119 + 0.054 0.003 + 0.016 CSOT Lose 7 
H-JNT 0.010 + 0.018 0.091*+ 0.013 -0.002 + 0.019 0.005 + 0.018 
H-MC | -0.009 + 0.009 0.075*+ 0.022 0.053*+ 0.012 O.OT4 t70.018 
H-MFM -0.015 + 0.013 OF15322-02101 0.038 + 0.045 0.021 + 0.023 
H-OHB =O2025 20.021 0.035 +. 0.035 0.080 + 0.050 -0.009 + 0.03] 
H-OTH -0.039 + 0.031 Oy. 00 1st 20.2063 OCU0T TE 0. 29 -0.001 + 0.029 
H-R10 OM2ee2 0.012 0.206 + 0.090 -0.019 + 0.035 -0.002 + 0.024 
H-SBF 0,022*2 0.007 0.064 + 0.046 -0.041 + 0.024 -0.022 + 0.015 
H-UP -0.053*t 0.015 -0.001 + 0.090 0.049 + 0.042 OTOTa 2 0 r027 
H-XUB -0.031 + 0.020 -0.017 + 0.035 0.02ls¢ 0.020 -0.013 + 0.019 
2A-AYE -0.008 + 0.013 -0.098 + 0.054 0.050*+ 0.011 0.022 + 0.018 
A-BBP -0.067*+ 0.019 0.053 + 0.033 -0.080 + 0.046 -0.087*+ 0.034 
A-BC 2.0.4 t-0+0-12 -0.072 + 0.055 04013-4-0+-024 -0.019 + 0.015 
A-CCE 0.056*+ 0.01) 0.172 + 0.062 0.035 + 0.019 De sixes 0:01] 
A-CMA 0.012 + 0.008 0.003 + 0.030 0.001 + 0.019 0.006 + 0.006 
A-DHR 0.039*+ 0.014 -0.00] + 0.054 -0.025 + 0.028 0.025 + 0.017 
A-DHV 6.013 +-0.01) 0.003 + 0.049 0.028 + 0.024 05017) 0.022 
A-FHR -0.012 + 0.039 -0.030 + 0.033 0.036 + 0.022 -0.011 + 0.024 
A-GBG 0.001 + 0.009 0..208..+ .0.133 0.046 + 0.025 0.081*+ 0.021 
A-JST 0.004 + 0.020 -0.049 + 0.103 0.021 + 0.049 0.021 + 0.041 
A-MN 0.014 + 0.017 -0.056 + 0.085 02.07 7*t. 0.027 0.049%*+ 0.021 
A-OAF -0.020 + 0.014 0.158%*+ 0.032 0.016 + 0.011 0.000 + 0.019 
A-TLT O,020e# 40.010 0.038 + 0.030 -0.003 + 0.018 0,011 0.042 
A-VN -0.015 + 0.016 -0.153 + 0.243 0.123*+ 0.021 0.054%+ 0.017 


Regression significantly different from zero at (P<0.05) 
1 Hereford 
2 Angus 
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A. Estimation of Change in Preweaning Average Daily Gain Over 
Years 


A summary of the regressions involving preweaning ADG in the 43 
herds under study is shown in Table 12. A total of 11,520 Hereford 
calves and 6,656 Angus calves were involved. 


Table 12. Number of herds with positive and negative regressions of 
preweaning average daily gain over years 


Number of Number of 

Hereford Herds Angus Herds 
Value of Regression Coefficient M F M F 
Positive b Value * 2 ] ] l 
Positive b Value NS 5 8 9 8 
Subtotal 7 9 10 9 
Negative b Value * 7 2 0 | 
Negative b Value NS Ls 15 4 
Subtotal 22 20 h 5 
Total 28 29 14 14 


* Regression significantly different from zero at (P<0.05) 
NS Regression not significantly different from zero at (P< 0.05) 

For males, improvement in preweaning ADG occurred in seven (24%) 
of the Hereford herds and 10 (71%) of the Angus herds. Significant 
(P<0.05) increases were recorded for two (7%) of the Hereford herds 
and for one (7%) of the Angus herds. Male preweaning ADG decreased 


in 22 (76%) of the Hereford herds and four (29%) of the Angus herds; 
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significant (P<0.05) decreases were found in seven (24%) of the Hereford 
herds. There was no significant (P<0.05) decrease in male preweaning 


ADG over years in Angus herds. 


Improvement in female preweaning ADG occurred in nine (30%) of the 
Hereford herds and nine (63%) of the Angus herds. There was significant 
(P<0.05) improvement in this trait in one (3%) of the Hereford herds and 
one (7%) of the Angus herds. Female preweaning ADG decreased in 20 (70%) 
of the Hereford herds and five (35%) of the Angus herds. This decrease 
was significant in five (17%) of the Hereford herds and one (7%) of the 


Angus herds. 


An average regression coefficient was obtained by averaging the 
43 regression coefficients for preweaning ADG in both sexes. In males, 
the average regression coefficient was -0.014 + 0.018 and in females it 
was -0.012 + 0.015 lb. per day at weaning per year of test. 

B. Estimation of Change in End-of-Test Conformation Score Over 

Years 

A summary of the regressions of end-of-test conformation score 
over years in the 43 herds under study is shown in Table 13. There 
were 6,668 Hereford and 3,367 Angus cattle involved in this aspect of 


the evaluation. 


Improvement in conformation score in males occurred in 22 (76%) 
of the Hereford herds and in eight (57%) of the Angus herds. This 
improvement was significant (P<0.05) in eight (27%) of the Hereford 
herds and three (21%) of the Angus herds. Male conformation score 
decreased in seven (24%) of the Hereford herds and six (43%) of the 


Angus herds. There was no significant (P<0.05) decrease in the 
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conformation trait over years in males in herds of either breed. 


For females, improvement in conformation score was found in 20 
(70%) of the Hereford herds and seven (50%) of the Angus herds. 
Significant (P<0.05) increases were recorded for six (20%) of the 
Hereford herds and two (14%) of the Angus herds. Female conformation 
score decreased in nine (30%) of the Hereford herds and seven (50%) 
of the Angus herds. As in the males, there were no herds in which the 
decrease in conformation score was significant (P<0.05). 


Table 13. Number of herds with positive and negative regressions of 
conformation score over years 


Number of Number of 

Hereford Herds Angus Herds 
Value of Regression Coefficient M F M F 
Positive b Value * 8 6 3 2 
Positive b Value NS 14 14 5 5 
Subtotal 22 20 8 7 
Negative b Value * 0 0 0 0 
Negative b Value NS vi 9 6 Z 
Subtotal 7 9 6 ; 
Total 29 Pd, 14 14 


* Regression significantly different from zero at (P<0.05) 
NS Regression not significantly different from zero at (P<0.05) 


The average across-herd regression coefficient for conformation 
score was found to be 0.043 + 0.047 grades per year in males and 0.026 + 


grades per year in females. 
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C. Estimation of Change in Post-Weaning Average Daily Gain Over 
Years 


The regressions of post-weaning ADG per year on test are summarized 
in Table 14. Results for this trait were available on 10,143 Hereford 
cattle and 5,114 Angus cattle in the 43 herds under study. 


Table 14. Number of herds with positive and negative regressions of 
post-weaning average daily gain over years 


Number of Number of 

Hereford Herds Angus Herds 
Value of Regression Coefficient M F M F 
Positive b Value * 3 5 3 3 
Positive b Value NS 13 13 9 8 
Subtotal 16 18 12 1] 
Negative b Value * 3 0 0 0 
Negative b Value NS 10 Li 2 3 
Subtotal St 1] 2 3 
Total 29 29 14 14 


Regression significantly different from zero at (P<0.05) 
NS Regression not significantly different from zero at (P<0.05) 

For males, improvement in post-weaning ADG occurred in 15 (55%) of 
the Hereford herds and 12 (86%) of the Angus herds. Significant (P<0.05) 
increases were recorded for three (10%) of the Hereford herds and for 
three (21%) of the Angus herds. Male post-weaning ADG decreased in 13 
(45%) of the Hereford herds and two (14%) of the Angus herds. This 


decrease was significant (P<0.05) in three (10%) of the Hereford herds. 


10 » 


oF SNe, 
ysvO-nisd ylied “ ce wage ni. 


J, 
ii 7 
Ser oAZ { 


» 3) at ) 
ou? ¥) ohne 


bes i vemnue e1¢ 37293 no 169y 15q JOA en taesn~s 20q Jo Oe 


brotsish £4). Of no sidel ieve TSW 31ers aide 108 tatu sity #| 


7 


. ‘ate 
Yous 2 vebnu ebred €4 ord at stare aupnl - ee 
iu IM yore 


v fee las j 
te 2n0 | 22eipe7 oy.i 3605n DAG svis 120d adians oe a abs 
@resy 1Svo nisé vi ish seaysys eT Pa re Vay ©, uh ian 


i 
fay my 
fi 

: i id reer! 


eat A A Nf ATE _ 


. c ee ; Torcea, yaa 
to redmul to edt ai Mi 

ebyah eupos abyst_ brotetel 

9 a! Peed! m 

c C : c 

8 e €! cf 

tj Site "= | af [atozdue 
lhe SS enn = 

0 0 0 ¢ 

e S if Of 

‘ 
S FI él leto7du2 


a Se 


(20.0>49) Js 019s mor? gnaisttib yi aneat Viel 
(20.0>9) 26 o1ss mott tnsvettib visneoitingia Je 


) 7 > on 


to (gaz) 21 vl bertuss0. 064 painssw~s oq nt ranean 


(20,0>S) insoi7inpi2 eed 2upnn, sd io (338) § St) 6 


not bie ebro baoterei on Pie ane oy 
bi 
.; ni freee, Oo eae vet 


a? uae 


a 


; a ai i fl 4 - 
er i 
7 : + va _ oa ; 
iu : = oN : | f i 
Gr : aan ia A as als “ay . 
VT Nes, ft dS i 


4] 
None of the Angus herds showed a significant (P<0.05) decrease in male 


post-weaning ADG. 


Improvement in female post-weaning ADG occurred in 18 (62%) of the 
Hereford herds and 11 (77%) of the Angus herds; significant (P<0.05) 
increases were recorded in five (17%) of the Hereford herds while three 
(21%) of the Angus herds showed significant (P<0.05) increases in 
post-weaning ADG in females. Female post-weaning ADG decreased in 1] 
(38%) of the Hereford herds and three (21%) of the Angus herds. There 
were no herds of either breed which showed a significant (P<0.05) 


decrease in ADG after weaning in females. 


The average across-herd regression coefficient for post-weaning 
ADG was found to be 0.015 + 0.030 and 0.020 + 0.029 lb. per day per year 


in males and in females respectively. 


D. Estimation of Change in Weight-Per-Day of Age Over Years 


A summary of the regression of weight-per-day of age on year of 
test taken at the end of the post-weaning gain test is shown in Table 15. 


Results were available on 10,143 Hereford and 5,114 Angus cattle. 


Improvement in the WDA trait in males occurred in 10 (34%) of 
the Hereford herds and 11 (79%) of the Angus herds. Significant 
(P<0.05) increases occurred in one (3%) herd of males of the Hereford 
breed. In two (14%) of the Angus herds significant (P<0.05) improvement 
occurred in WDA at approximately one year of age. There was a decrease 
for this trait in males in 19 (66%) of the Hereford herds and three (21%) 
of the Angus herds; significant (P<0.05) decreases occurred in six (20%) 


of the Hereford herds. There was no significant (P<0.05) decline in 
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42 
males in Angus herds for the WDA trait. 


For females, improvement in WDA occurred in 15 (52%) of the 
Hereford herds and 11 (79%) of the Angus herds. This improvement was 
significant (P<0.05) in females in one (3%) of the Hereford herds and 
four (29%) of the Angus herds. Female WDA decreased in 14 (48%) of the 
Hereford herds and three (21%) of the Angus herds; significant (P<0.05) 
decreases were found in four (14%) of the Hereford herds and one (7%) 
of the Angus herds. 


Table 15. Number of herds with positive and negative regressions of 
weight-per-day of age over years 


Number of Number of 

Hereford Herds Angus Herds 
Value of Regression Coefficient M F M F 
Positive b Value * ] 1 2 4 
Positive b Value NS 9 14 9 7 
Subtotal 10 15 1] 1] 
Negative b Value * 6 4 0 ] 
Negative b Value NS 13 10 3 2 
Subtotal 19 14 3 3 
Total 29 29 14 14 


* Regression significantly different from zero at (P<0.05) 
NS Regression not significantly different from zero at (P<0.05) 


The average across-herd regression coefficient for weight-per-day 
of age was -0.004 + 0.023 and -0.000 + 0.020 Ib. per day per year in 


males and in females respectively. 
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E. Estimation of Change in Production Traits Over Years in One 
Research and Two Commercial Beef Cattle Herds in Alberta 
Using data on two herds over nine years from the report of Berg 
and McElroy (1968) positive regression coefficients were obtained for 
all traits except for Hybrid male birth weights indicating that the 
weight traits have responded readily to selection in Hereford and Hybrid 


cattle (Table 16). 


Adjusted 180-day weight increased by 4.4 |b. per year in both lines 
of males, while Hereford female 180-day weights increased by 2.3 1b. per 
year and Hybrid female 180-day weights increased by 3.9 Ib. per year 
during the 9-year period from 1961 to 1969. Over nine years of the 
program, 365-day weight increased by 53.8, 54.7, 14.4 and 13.4 lb. per 
year in Hereford and Hybrid males and females respectively. Beginning 
in 1965 male calves were put on heavy feed following weaning and 
therefore the marked improvement in yearling weight in males was to a 


large extent due to improved management. 


An analysis of records from Commercial Ranch A where rapid growth 
rate was the main criterion for selection in a closed herd of Angus 
cattle showed that weaning weights at 205 days improved 5.3 and 4.7 1b. 
per year in heifers and bulls, respectively, during the 13-year period 
from 1957 to 1969 (Table 17). Some crossbreeding using bulls of the 
Charolais breed was practiced during the later years of this selection 


program. 
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Table 16. Weights and adjusted weights of Hereford and Hybrid line calves 
born 1961 to 1969 Kinsella 


Breed 
Sex Line 1961 1962 1963 1964 1965 1966 1967 1968 19694 b Valued 
Bivatn wt. Ib. 

M He 7) 75 fw w756 74-78 75 72 0 262 
Hy 79 80 oO 3780 76 78 75 8h. 2228 
piff. | mOvbi+5 cages) semp 420° 0) (0 Seek 

F He 70 70 74 7) 69 71 7) 7] 0.01 
Hy 68371 640° 979 75 75°" 71 Ae 0.32 
Diff. -2 +) +h 43 #+6 +4 O +2 

Adjusted? 180-day 
wt. Ib. 

M He 422 341 390 401 343 400 381 455 407 4 38 
Hy 453° 457 #465 445 428 467 456 491 492 4 37 
Onft. +31 +116 +75 +44 +85 +467 +75 +36 +85 

r He LO2 367 350 368 332 386 372 420 381 2226 
Hy h2h 421 418 426 398 446 417 451 456 3.93 
ne mB +22 +54 +68 +58 +66 +60 +45 +31 +75 

365-day wt. Ib. 

M He 591 526 585 637 710 853 892 937 882 53.78 
Hy 617 653 647 689 785 940 967 957 987 54.72 
LT tes +26 +127 +62 +52 +75 +87 +75 +20 +105 

F He 515 504 515 562 569 656 613 616 574 LAs7 
Hy 569 544 471 610 613 708 671 647 619 13.45 
Diff. +54 +hO +56 +48 +44 +52 +58 +31 +45 

540-day wt. Ib. 

F He 745 745 768 770 785 814 810 830 Pec7 7 
Hy 794 805 818 838 826 887 878 871 13.08 
O1tt. +49 +460 +50 +68 +41 +73 +68 +41 


ie oh a ee tee te ls het lon Uelng bl ie oh Shs Anes 
1 Differences - Hybrid minus Hereford 

2 Adjusted for age of calf and age of dam 

3 Source: Berg and McElroy (1968) 

4 Source: Berg (1970) 

5 b Value - regression of animal weight in Ib. over years 
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Table 17. Average weight-per-day of age at weaning of Angus and 
crossbred calves born 1957 to 1969 - Commercial Ranch A 


Heifers Bulls Steers 

Year No. Ave. No. Ave. No. Ave. 
1957 38° 1595 46 = =2.04 0 0.00 
1958 59 1.65 Jz Layo Ot0200 
1959 8] 202 86 2430 0 0.00 
1960 132 7218 153 Ons ] Om Or u0 
196] 165 2.42 ree 2725 0 0.00 
1962 136 2.05 160 2.24 ] 1.68 
1963 17] 2.44 64 2433 113 220 
1964 205 OF 10 197 2.25 OSE=0200 
1965 176 2.06 182 215 L 2.09 
1966 213 2.04 O22. 2G 0 860.00 
1967 253 2322 251 2.38 2 259 
1968 256 2.18 283 2.34 0 0.00 
1969 253 2.34 276 2.49 0 0.00 
Totals 2133 2,114 120 

b Values! 0.029 0.027 


nanan 


Ib Values - regression of weight-per-day of age at weaning over years 


Using weaning weight data from Commercial Ranch B, weights at 
weaning adjusted to 205 days increased by 4.1, 6.4 and 6.1 lb. per year 
in heifers, bulls and steers respectively (Table 18). The improvement 
program here was based on selection for high growth rate and on 
crossbreeding. During the first years of this beef cattle breeding 
program, cattle of the Hereford breed predominated. In subsequent 
years, crossbreeding was extensively practiced using bulls of the Angus, 
Red Angus and Charolais breeds. At this same time, bulls of the Brown 
Swiss and Shorthorn breeds were used to a lesser extent. During 1967 
and 1968, bulls of the Simmental and Limousin breeds were used quite 
extensively. A sharp decline in the level of management of heifer 
calves occurred during 1968 and 1969 and therefore the decline in 
heifer weight-per-day of age at weaning was to a large extent due to 


a decrease in the level of management. 
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Table 18. Average weight-per-day of age at weaning of Hereford and 
crossbred calves born 1957 to 1969 - Commercial Ranch B 


Heifers Bulls Steers 

Year No. Ave. No. Ave. No. Ave. 
1957 83 1.69 Oaf 0600 69 1.83 
1958 ery 1.63 0110200 35 Ree ey 
1955 88 1.86 Siys 2420 62 1.88 
1960 119 1.80 Se aes 95 1.84 
1961 114 1.82 7 2.12 105 1.90 
1962 118 1.90 ] 2.62 109 [hese 
1963 128 1.87 ] 2. OF 147 1.95 
1964 P30 pereeus O= 20300 24 218 
1965 140 Leos | 2.50 127 1.98 
1966 113 1.84 Livy  Qexl? 12] 1.89 
1967 1e0po 2 Alt S72 be. OH 16077 2.10 
1968 162 1.88 185 2.43 Dom 0e.00 
1969 162 1.88 170 2.40 0 0.00 
Totals 1,654 yen leza 

b Values! 0.020 0.031 0.030 
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Ib Values - regression of weight-per-day of age at weaning over years 


— 
7 


a 


a 


bas biotsish to eninésew is aps 10 V6 
B fone isiorsmmod ~ @8e! of Vee! nod ew Leo 


zest? 


ava 


c=) 


aoa — ero —, 
con —» - 


oO Om  & 


anni 


i ai lus 
of. sBVA) 5 ad 
ste) 00.0° 0 
ee 00,0 0 
$3 o¢s.§ e 
ce £O.S e 
20 sf .$ \ 
eo! . iN: ; 
vel t0.S f 
‘SS! 00,0 0 
vol oe .& : 
isl C128 n} 
Oo! Ad.S YE 
0 £e.¢ a81 
oO. o8.s OU 
esi sod 

[£9.0 


4 


) 


anata . : iz ‘ tte 


BVA. (soe 


oo 
,. . * * . . . 


- 


omwO—- tM --7o ho ore fd 
— sh nme eee 


wo © oO o cop oo co 


er 


i 


ie 
ab-v9qratigtan cous 8 ate 


. —— . y 


47 
DISCUSSION AND APPLICATIONS 


The Federal-Provincial Beef Cattle Performance Testing Program in 
Alberta has not been as successful as was anticipated at the time of its 
inauguration in 1959. In the regression over years of the performance 
of 43 herds involved in the program from five to eleven years for prewean- 
ing ADG, end-of-test conformation score, post-weaning ADG and weight-per- 
day of age, it was found that only conformation score taken at the time 
of the end-of-test weighing had shown acceptable response. However, a 
comparison between a preliminary analysis of results up to 1967 (Appendix 
A, Tables 5, 6 and 7) and the complete analysis of results to date 
shows some evidence of improvement occurring in production traits in 


many of the herds over the period 1967 through 1969. 


For males, the number of herds showing improvement in preweaning 
ADG increased from four to seven in the 29 Hereford herds and from seven 
to 10 in the 14 Angus herds. For post-weaning ADG, the number of Hereford 
herds showing improvement increased from 15 to 16; this increase was from 
11 to 12 in the Angus breed. The WDA trait showed the greatest amount of 
improvement in both breeds. Hereford herds showing improvement in male 
WDA increased from one to 10 and Angus herds improving in this trait 
increased from three to 11]. For females, the trend was similar to that 
in males. Female preweaning ADG improved over years in nine as compared 
to three Hereford herds and nine as compared to four Angus herds. For 
female post-weaning ADG, the number of Hereford herds showing improvement 
increased to 18 from 14 and to 11 from nine in Angus herds, The number 
of herds showing improvement in female WDA increased to 15 from one in the 


Hereford breed and to 1] from two in the Angus breed. As the evaluation 
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48 
of animals for conformation was discontinued in 1966, no comparisons can 


be made for this trait. 


The declining performance of beef cattle which result in less 
economic cattle as described by Knox (1957) and Warwick (1958) only 
accentuates the necessity for early and regular evaluation of all beef 
cattle performance testing programs. In doing this, it should be possible 
to avert any serious trends which may be occurring. Analysis of data on 
weaning weight of fall feeder calf sales from 1946 to 1965 (Appendix A, 
Table 8) showed that steer calves declined 0.94 lb. per year and 
heifer calves declined 1.08 Ib. per year over the 20-year period. This 
trend could be one that is widespread throughout the cattle industry in 


Western Canada. 


Significant (P<0.05) increases were made in male preweaning ADG 
in two Hereford herds identified by RIO and SBF and Angus herd identified 
by DHR improved by 7.2, 6.2 and 9.0 lb. per year respectively over 11, 
1] and seven years respectively. Only the females in Hereford herd SBF 
and Angus herd DHR showed significant (P<0.05) improvement. This rate 
of increase amounted to 4.5 lb. over 11 years and 8.0 1b. in seven years 
for the Hereford and Angus herds respectively. Weaning weights have been 
reported to be only moderately heritable by many researchers (Warwick, 
1958; Swiger et al., 1963; Brown and Gacula, 1964; Swiger et al., 1965; 
Marlowe and Vogt, 1965; Deese and Koger, 1967). However, several instances 
have been reported where selection for weaning weight in beef calves has 
been effective (Flower et al., 1964; Nelms et al., 1967; Chapman et al., 


1969). 


Results obtained in the study of change in 180-day weaning weight 
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over years at the University of Alberta Beef Cattle Research Ranch at 
Kinsella and cf change in 205-day weaning weight over years at Commercial 
Ranches A and B suggest that the response of weaning weight to selection, 
crossbreeding and improved management over time is quite acceptable. At 
the Kinsella ranch, both lines showed similar improvement in weaning 
weights over time. The Hybrid line began the selection program having 

a marked advantage in the weight traits over the Hereford line and 
maintained this advantage throughout the period of selection experiment. 
Results to date indicate that selection for the weight traits is equally 
as effective in crossbred cattle as it is in purebred cattle and that the 
advantage in weight gained during crossbreeding can be retained. More 
research is needed in the area of crossbreeding within selection programs 
to accurately determine the complementary and overall effect of the two 


concepts in beef cattle improvement. 


For post-weaning ADG, only the males in three Hereford herds and 
three Angus herds and the females in five Hereford herds and three Angus 
herds improved at a level that was significant (P<0.05). The males in 
Hereford herds identified by BKP, GDT and IAY and Angus herds identified 
by FHR, GBG and MN improved post-weaning ADG on a 168-day test by 7.7, 
6.6, 16.5, 11.1, 10.1 and 8.1 Ib. per year respectively over the number 
of years on test. The females in Hereford herds identified by AET, BKP, 
DSF, IAY and MCI and Angus herds identified by AYE, MN and VN improved 
in the post-weaning ADG trait at a level that was significant (P<0.05). 
Post-weaning ADG has been reported by many researchers to be quite high 
in heritability and should respond readily to selection (Warwick, 1958; 
Brinks et al., 1962; Swiger et al., 1963; Shelby et al., 1963; Brown and 


Gacula, 1964; Swiger et al., 1965). Nelms et al. (1967) reported a 0.25 
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Ib. per year increase in gain-per-day on feed test. It is possible to 
conclude that selection for post-weaning ADG should be quite effective 


in improving this trait. 


For the weight-per-day of age trait, only the males in Hereford 
herd identified by GUR and the males in Angus herds identified by GBG 
and VN improved over years at a significant (P<0.05) level. This 
improvement amounted to 42.7, 26.6 and 20.1 for the three herds 
respectively. Improvement in female WDA occurred in Hereford herd 
identified by GUR and Angus herds identified by CCE, GBG, MN and VN at 


a level that was significant (P<0.05). 


Weight-per-day of age has been reported to be quite highly heritable 
(Brinks et al., 1962; Swiger et al., 1963; Shelby et al., 1963, Swiger 
et al., 1965). When selecting for weight-per-day at one year of age, 
many researchers report quite acceptable response over years (Nelms et 
al., 1967; Rahnefeld, 1968; Newman, 1969). Using the data on 365-day 
weight in two lines of beef cattle from Berg and McElroy (1968), relatively 
high positive regression coefficients were obtained for this trait over 


years. 


Conformation score taken at the time of the end-of-test weighing 
was the only trait that showed acceptable response. There were no herds 
in which there was a significant (P<0.05) decrease in conformation score 
over years. It appears that, either breeders were emphasizing type 
almost to the total exclusion of the growth traits in their selection of 
replacement breeding stock or the officials assessing the conformation 
of the cattle had become more lenient in their scoring of the conformation 


trait. 
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Research has indicated that type is of undetermined importance, 
especially in the areas of consumer acceptance and utility (Knox, 1957). 
Selection pressure on the growth traits would increase the efficiency 
of production. This approach would seem to be more realistic than the 
selection for conformation score which may well prove to be entirely 


unimportant in the near future. 


Selection for several traits reduces the pressure applied to each 
one. Botkin and Stratton (1967) found that breeders of purebred sheep 
are constantly faced with the problem of selecting for many characters 
that are not necessarily related to production. In the selection for 
improvement of weaning weight and fleece weight in two small flocks of 
purebred sheep, over 50% of the lambs were not eligible for registration 
because they possessed traits that were not characteristic of the breed. 
The level of performance in the production traits of these disqualified 
lambs was equivalent to that of the lambs acceptable for registration. 
The purebred beef cattle breed organizations have similar restrictions 
which may prohibit registration of animals with complete disregard to 
any outstanding performance in the weight traits. Selection in all 
classes of purebred livestock should be directed toward simple and 


accurate standards of values for production traits. 


Lush (1945) stated that when culling simultaneously for n 
independent and equally important traits, selection for each trait will 
be 1/Vn as intense as if all the efforts of selection could be concentrated 
on that single trait. Thus, in a 12-trait selection program, selection 
for each trait would only be 29% as intense for any particular trait as 
it would be if selection were for that one trait alone. Peters et al. 


(1961) reported that, in sheep, the selection for more than a dozen 
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traits during the development of the Romnelet breed greatly limited 
the amount of selection pressure that could be applied to any one 
trait. Selection for only those traits with considerable economic 


value is suggested. 


Many factors contribute to the failure of many of the herds on 
the ROP testing programs to give results equivalent to those made in 


various research studies. These are as follows: 


(1) The majority of the emphasis in the selection of replacement 
bulls and heifers may have been placed on conformation score rather than 
weaning weight index, feedlot gain index or WDA index. This was evident 
to some extent in Hereford herds identified by BVZ, BBF, BGN, ASL, 1!BO, 
MCI and XUB and Angus herds identified by VN, CMA, BBP, BC and CCE 


(Appendix A, Table xxi). 


(2) There was evidence of a greater amount of creepfeeding of 
calves in the initial years of testing. This added environmental factor 
would increase weaning weights to levels not obtainable without the use 
of creepfeeding. In the following years when creepfeeding was not 
practiced, weaning weights and feedlot weights would tend to decrease. 
The effect of creepfeeding trend on male preweaning average daily gain 
over years is shown in Table 19, It was found that seven herds that 
had a positive regression coefficient of preweaning ADG over years had 
a constant level of creepfeeding or non-creepfeeding, nine herds that 
improved had a declining creepfeeding trend and one herd had an increasing 
creepfeeding trend. For those herds that had a negative regression 


coefficient for preweaning ADG over years, eleven also showed a declining 
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Table 19, Effect of creepfeeding trend on male preweaning ADG 


Herd Identification 


and |b Value 


H-R10 
H-SBF 
A-DHR 
H-AET 
H-BKP 
H-BVZ 
Ns DEE 
H-1BO 
A-=CCE 
A-CMA 
A-FHR 
A-GBG 
A-JST 
A-MN 

A-OAF 
A-TLT 
A-VN 

H-AAIN 
H-ASL 
H-BBF 
H-BGN 
H-HDA 
H-1AY 
H-UP 
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level of creepfeeding, five showed an improving creepfeeding trend and 


in ten herds no change in creepfeeding practice over years was evident. 


(3) There was very little evidence in many herds of older sires 
being replaced by young, high indexing sires from within the herd or 
the ROP program. A summary of the use of sires within herds where final 
WDA improved or declined over years is shown in Table 20. Nine herds 
in which a positive regression coefficient of male WDA over years existed 
showed evidence of much use of high performing sires, six herds showed 
moderate use and in eight herds there was minimal or no use of high 
performing sires. There were 20 of the herds which showed a negative 
regression coefficient of male WDA over years on test. None of these 
20 herds showed evidence of a great amount of use of high performing 
sires; eight showed only moderate use of high indexing sires and 12 


herds showed minimal or no use of high performing sires. 


(4) There was much evidence of sires being used for a larger 
number of years than is desirable. The average age at time of breeding 
of 504 sires in the 23 herds where male WDA improved over years was 345 
years as compared to 4.3 years on 452 sires in the 20 herds where male 
WDA declined over years. An individual sire that was used every year 
for a period of five years, for example, would be counted as five sires 
in this part of the study. The average age of sires at time of breeding 
in Hereford herds identified by AAIN, ASL and DSF and Angus herd 
identified by CMA were 7./7, 8.4, 6.4 and 5.4 years respectively. Hereford 
herds identified by BKP, BVZ, BSB, ETU, EZC, HDA, ARJ, BBF, BGN, DSF, FSI; 
GDT, 1BO, MCI, OHB, OTH, UP and XUB all used at least one of their herd 


sires for five years or more. 
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Table 20. Evidence of use of high indexing sires 
on male WDA over years 


50 in ae ee a ge nh ants te De nl see lhl 


Herd Identification 


and |b Value aHigh bModerate CLow 


H-GUR 0.117% X 

A-GBG 0.073% X 
A-VN 0.055% | x 
H-AET 0.019 X 
H-BKP 0.026 X 

H-BSB #001 4 X 
H-BVZ 0.030 X 
H-DEE 0.010 X 

H-ETU 0.033 x 

H-EZC 0.046 X 
H-HDA 0.021 X 

H-1AY 0.002 X 
H-MFM 0.007 X 
H-R1O 0.011 X 

A-AYE 0.005 X 

A-CMA 0.005 X 

A-DHR 0.046 X 

A-DHV 0.005 X 

A-FHR 0.027 X 

A-JST 0.038 X 

A-MN 0.018 X 

A-OAF 0.016 X 

A-TLT 0.011 X 

H-AAIN -0.100%* X 
H-ARJ = -0.. 043% X 
H-BBF -0.033% X 

H-BGN -0.084+ X 
H-BZD -0.063* X 
H-JNT  -0.048% X 
H-ASL  -0.022 X 
H-DSF -0.002 X 

H-FSI -0.017 X 

H-GDT  -0.027 X 

H-1BO0 -0.010 X 
H-MCI -0.000 X 

H-OHB -0.024 X 
H-OTH -0.042 x 
H-SBF -0.009 x 
H-UP -0.008 X 

H-XUB.—-_ -0.015 X 

A-BBP _-0.019 x 
A-BC <0. 047 x 
A-CCE -0.019 x 


1 the regression of male WDA over years 

a high, much use of high indexing sires 

b moderate, some use of high indexing sires or much use of 
lower indexing sires 

c low, no use of performance tested sires or use of very low 
indexing sires 
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(5) The rapid expansion of cow herds in the early stages of the 

program could have included lower indexing heifers from the herd of the 
breeder or purchased from other breeders which would not normally be 
kept as replacements. Yearly increases in herd size for each herd are 
shown in Appendix A, Table 10. Hereford herds identified by GUR, HDA, 
AAIN, ARJ and UP increased 8.3, 6.7, 8.5, 10.5 and 6.7 animals respectively 
per year on test. Although expansion of cow herds probably was a factor 
affecting the rate of improvement in individual herds, the average 
increase in herd size per year for the 23 herds where male WDA improved 
over years on test was 3.0 animals per herd as compared to 2.0 animals 


per herd in the 20 herds where male WDA over years on test did not improve. 


(6) There were some herds which showed a complete lack of the use 
of performance tested bulls. Hereford herds identified by AET, BSB, IAY, 
AAIN, ARJ, BZD, JNT and OHB fell into this category. There were no 
‘Angus herds that had not made use of performance tested bulls at least 


to some extent. 


(7) The placing of too much emphasis on breed dhevtacemorrenes such 
as coat color and horns could limit selection for performance character- 
istics. Two instances were found in the field records where Hereford 
heifers were not registered because of improper color markings although 


they had shown quite acceptable performance for the growth traits. 


(8) The number of years of testing in some herds may have been 


insufficient to expect much response to date. 


Improvement in production traits in beef cattle can be brought about 
in three ways; improvement in management, selection of superior breeding 


stock and by crossbreeding. Records provided by the ROP program should 


. an a 7 a 2 ‘A | 
a ean $ret AP) Aree 


a Po 
é Pon ains 


si to espese vines siz al ebver woo 10’ votenese ae 


ets fo) bisri sn3 mor? erxatiead paixebai rawot; Babu tani. 


" a 
sd yifemaon ton bivow do trw crobeard aedgo mor? baend —" 


a6 bier dose jot Ssie bron ni 25289719Ni vlisey ania 
Fj is Ae a) 


Ad yd ‘bsitidnabs ebres biotsisH . OF otdsT > A xibaog 
ate 
rs 


éteamins ‘te Pe) dns e. of ee 8 ae 3 me ar G.bsesstont i toe 
“ 


Pi 1 


ne 
ebish woo to noi 2n6Qxa, devon tA beet a0 
‘eee 


qotos? 6 esw yldesorg 


eps eve adi , ebisd Saubivibni ni Inamavorgm i to. oer ons § 
ebieh €S SAT wot 1S¥ 194 este bred nie 
is c 

if 


s bisd i9q 2leming 0. 26w: gest foe 


| at a nc ow me 
ofamins O.S o23 bS16qMOD e6 
Pu 


vo AQW olem ssw his as ent ni 


bevotgmi AGW slem sienw 


or 
-svorqmi ton bib Jesi fo 2169Y i bye 1 194 

‘ } 
' , eae 
| stsfqmos s bewode doinw ebisn sinoe =Stah omen ae 


seu Ssnt fo ADs! 93 


YAY .828 ,T3A yd bsititnebi eben biots1sH _. efTud. betes? ¢ 
—. 


2 
cindd otnt ifs? aio bas Bre oe A i” 


on sisw sisnt .yiops2s2 ¢ cewi 


5) t6 2eltud batzoi ZoNEMIOT 19q..to s2u, sbsm Jon bed sie ani eset 


326 


% 


ah* 


Howe 22it2i3193> vera. bssid no 2iesraqme ihe oo3 To ail 


2 i 
f i! 


out 
-18970676fD 9S2drnsmiotisg 707 noitasis2 stmif blued anvorl Bas. 1602 
. ~ & _ 7 rae 
7 e rn ‘ ¢ é o>. ee ” ; 
bioisIsH sishw ebroDs7 bisit sAz Ai DAUOR si3w aaaiteasead only -254 
t he } ' Ye “¢ i \¢ 


devortic epnidxasm roloa isqorgmi to seuboed, nang iipen er o19M 2 


2067 daworp ent 107 S2NBMN719T19q . sf desgso06 s 


hie ies ae 
» i. 


> 7 
atl 


nsed sve ys ebred smoe oi bateees to 2169Y¥ to: aie im 
7 
OR 03 senogesi ae sbee Saal 


} 


suods Sdpuord sd nso s)iseo Yood ni edisyy noi 


£ steele 


anibserd ioirsque to noisostez eL 
a ee ys aie 
stuote mesg bs HOw e109 7 


Cuket 5 


ics 


57 
make it possible for participants to know if they are making progress 
although the relative importance of management and breeding may not be 
apparent. No progress can be expected unless a conscious effort is made 
on the part of the breeder to either improve management or select breeding 
stock on the basis of records. It is obvious from this study that a 
majority of the breeders on the program have either not made the effort 
or have not had sufficient time in which to make effective improvement 


in the productivity of their herds. 


The need to regularly examine performance testing programs on the 
basis of merit and potential value to the total future of the industry 
cannot be over-emphasized. The results of the evaluation of the ROP 
testing program in Alberta tend to indicate the lack of or improper use 
of records in most instances. The following recommendations can be made 


based on the findings of this study. 


(1) Breeders and producers should be provided with appropriate 
consulting services on the use of records by highly trained government 
or private personnel who should endeavor to capture every opportunity 


to exploit their ideas. 


(2) The indexes of the sire and dam should be included on worksheets 
and in summaries so that the breeder can more easily see the effects of 


mating individuals with certain indexes for the weight traits. 


(3) The relative emphasis given to each of the traits in record 
of performance programs for beef cattle should be critically evaluated. 
Weight-per-day of age at one year in bulls and at 18 months in heifers 


should be stressed. 
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(4) The post-weaning gain test should be carried out only under 
a full-feeding nutritional level. According to Marlowe (1962), animals 
with a high growth potential will not perform at a level Superior to 


those animals with a lower potential if the quality and quantity of feed 


is less than desirable. 


(5) Many beef cattle performance testing programs are known as 
beef cattle improvement programs. This latter title suggests the 
performance testing of animals but also indicates using the high 
performers for further improvement within the herd. Beef cattle 


improvement starts immediately after the cattle are weighed. 


(6) A periodic evaluation of the methods of selection of replacement 
stock by individual participants on the performance testing program would 
be desirable. It should be possible at this time to avert any serious 
trends in performance in a herd. After sufficient counselling and a 
given time period, any participants who do not attempt to adhere to the 
basic principles behind the performance testing of beef cattle should be 
stricken from the program. The efforts of professional personnel] could 
then be concentrated more intensely on those breeders who are seriously 


interested in the betterment of their cattle herd. 


More research is needed regarding the procedures involved in 
carrying out an effective program for the development of beef cattle 
herds with a high economic value. The improvement of beef cattle is a 
great and interesting challenge for both breeders and government 
extension and research personnel. The long-term success of any cattle 
breeding establishment will be in its ability to accurately identify and 


retain in the breeding herd genetically superior animals. 


Se 


2igmins 


- 


isve!l «6 


of wi ywsauve 


bee? to yi isneup.- brie 


26 nwona 9715 ems 1pOTd - 


v . _. 

git 2yesppua sisis 
b) 

, s 7 aa s 

doid eft enieu es ; 

. a“ = 

slti6 19s" an ar 

vbsipisaw e716 313 


jnamsse!qs1 to noi 


onites3 SsonEnt torte rq] 51%359 are ba 


sine sibel juo batriso ed bivore sein neg: oninsowrs8 


(sae) ayo aM os palbioD0A 


56 micireq 200 Ubtw fai tnez0q ae ve 


yal feup or 7 (gisaereq vawol « ds iwee ‘Be 


jisalse to 2ebodsem of2 to noijteulsve a 


7 nintiw 3 


69 


: ; ’ aa wena) De 7. 
i 


ve 
eid 


bush 
_tavel jenoid ivau ; 


4 (Le 


oder las 


4 


tc] 2idT vameyporg ae 
ey Fy its 7 
s1i o2le sud eleming to bai 


neamevorgn 
a 
3316 


sid, feseibonmi anes 


. ns 


oe 
a 


sonkatoiias Tsubjvibat 


bluow me ypo71g emises? socemio: iy me 
2uoi1ge yas Jisve OF 3m dj is sidize ie sos ad bluode 2 i 
. ; i. a ho 
s bne pniffsenyoo insizitive "937A bie 6 ni soriear0? 18¢ J abr 
ary <4 e 
edd of sisfbs oF Jqmetie son ob orw esn eqisit16q ys being et 
) i 
ad bluode ef3tes ts9d Fo pnisess sangimotieg ons bairied ana ae 
} : 
‘ : 7 
luoan fsnnoeis¢ Isanoizestorg 19 2tsatts srt -me1pOIg ont 


a \ 
ylevoiise si6 onw 218bs310 


+ 


.bisn 


ni Beviovai sakudenéhd arts antbeni aan i) oa 


313269 %t90ed To namqolsvab si3 107 mangoag: “Mites 


saoti3 no Yi senem ana nee 
slti6o svisni to inem943ed hind ni 


i ae 


‘ 


“ee sfiteo toad to sited al ‘eat  subey pres 


311982, eM 6 eeaoaiie fmea-pncl mt, 


hag il i3 ae i 


“ylstotwsae ot bight ert ab 1 ta 


i r) 


‘ana 


- mi is = cabinet - wre 
aad) «teen adel . 
Ai i ie ae) it - 1 y | 
o ree ue 


29 
SUMMARY AND CONCLUSIONS 


The regression of male preweaning ADG over years in the 43 herds 
showed a significant (P<0.05) improvement in only three herds. The males 
in seven herds showed a significant (P<0.05) decline for this trait. For 
females, two herds showed a significant (P<0.05) improvement in preweaning 
ADG and six herds showed a significant (P<0.05) decline. The average 
across-herd regression coefficient in males and in females respectively 


was -0.014 and -0.012 1b. per day per year. 


The regression of male conformation score over years in the 43 
herds showed that 11 herds were significantly (P<0.05) improved. In 
females, eight herds improved at a level that was significant (P<0.05). 
There was no significant (P<0.05) decline in conformation score in 
either sex in the herds under evaluation. The average across-herd 
regression coefficient for conformation score was found to be 0.043 and 


0.026 grades per year in males and in females respectively. 


When post-weaning ADG was regressed over years, the males in only 
six of the 43 herds showed a level of improvement that was significant 
(P<0.05). The males in three herds showed a significant (P<0.05) decline 
in performance in this trait. The regression of female post-weaning ADG 
over years showed eight herds improving significantly (P<0.05). No 
herds of females declined significantly (P<0.05) in post-weaning 
performance. The average across-herd regression coefficient for this 
trait was 0.015 and 0.020 1b. per day per year in males and in females 


respectively. 


The regression of male weight~per-day of age taken at the end of 
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the feed test period over years showed that significant (P<0.05) 
improvement occurred in only three herds. Six male herds declined 
significantly (P<0.05) for this trait. Significant (P<0.05) improvement 
occurred in this trait in females in five herds; five herds of females 
declined significantly (P<0.05) for the weight-per-day of age trait. 

The average across-herd regression coefficient for this trait was 
-0.004 and -0.000 1b. per day per year in males and in females 


respectively. 


Satisfactory trends were found in the production traits in the 
University of Alberta beef cattle herd at Kinsella and at Commercial 


Ranches A and B in the regression of these traits over years. 


Any performance testing program is only as good as the degree 
to which the resulting information is used effectively. The Federal- 
Provincial Record of Performance Testing Program for beef cattle in 
Canada is bascially a sound method for evaluating the growth performance 
of animals within the same herd. Participating breeders should be 
encouraged to use these records intelligently when selecting herd 
replacements. This would make it possible to obtain results similar 
to those obtained in beef cattle improvement programs by both private 


industry and research establishments. 
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Table 1. Card layout form of the weaning card 


Field Columns No. of 
“Sequence Detail stare, Finten Columns 
1 ‘peg ueuatets Lagi Renee pa ee ] 1 ] 
ba dis ae es oh cer eae ae 2 4 3 
3 PEOUENCO UL eettir ee Cre Coes 5 5 ly 
4 ot Sa) ofa) s jared oper eI ees 6 6 1 
: Creep fed (alpha X) or non 
Creepr ted lank iis cee cote e se. 7 7 1 
6 DU MORV RRO cats sats a's sc ete e« 8 10 3 
Z ALOT iterOlae nde rer cee eres 1] 13 3 
8 Group within herd index.......... 14 16 3 
9 Dam age 
VERS. Siete on ates heels 17 18 2 
UAVS Ase tees weet 1g 21 3 
10 Pan nencrcnabeeterere gels Coos 22 25 4 
1] Dam number and year letter....... 26 29 4 
12 Srresiercrcharactersccr ceil ces ee: 30 33 4 
13 Sire number and year letter...... 34 37 4 
14 Catrenerd ‘characterces foolish: 38 4] h 
15 Calf number and year letter...... 42 4S h 
16 TES dom wo see gba eeeabydrs 9 bu an eeanenan ea pa 46 46 | 
Te Birt UAten ttre eee eee: 47 5] 5 
18 PERC Veloce crore are eres: 52 Sh g 
19 Wesco Gale. et etit ers oe cee nce: 55 ey S 
20 Wemnedearouprrcec is ths acs sc ses fale 60 60 1 
21 WEANEOES UU -CLOU cuit ais srs ss a's sss 6] 61 
22 Slalinerutact cee sees emcee es ease 62 62 l 
23 Weanete Weraitrs ca net cts as 555 5s 63 65 3 
24 Woercoder. 2 fitehes: PART PERE Ss? 66 66 | 
25 cla CILI TS igaicge poe eae ad hea duties gtctihe none 67 67 ] 
26 Reed *SUD- Or OUP wa tirana tae are wale aes 68 68 1 
a7 Ca naCOmean bie ee ics ks eves oss 69 7) 3 
28 Age of calf when weaned.......... 72 74 3 
29 Average daily gain to weaning.... 75 77 3 
30 Adjusted average daily gain...... 78 80 3 
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Table 2, Card layout form of the feed card 


Field Columns No. of 
Sequence Detail Start Finish Columns 
1 Card code (29.... $4. e.4sanns snakes 1 ] l 
2 We Ty eek MEAS ASR RA GRAM 2 “ 3 
3 BrOvVilce, <% AER 5 5 l 
L BREE COU ovis "0's afte ta ‘ales she" ete le eM 6 6 l 

5 Creep fed (alpha X) or non 

creep fed (blank)..........cee ewes 7 7 | 
6 ES ERTI Ka sa ters: ote a ote ore a Me Oe te eee Siam 8 12 5 
y) Sire registration number.......... 13 21 9 
8 Dam nerd ctlaracter..', Sotly..sccecs 22 25 4 
9 Dam number and year letter........ 26 29 h 
10 Sfre Herd characters ccs wees cteteteherens 30 33 4 
1] Sire number and year letter....... 34 37 4 
12 Calf herd character. . eo Sl sce. 38 4] 4 
13 Calf number and year letter....... 42 5 4 
14 ST ap Reels nage a your Gath bern Ppt daha 46 L6 l 
15 WEaned dat. cc cee s Con rere aaa 47 51 5 
16 Weaned Weldht.c.lonn ccc tee ees 52 54 3 
17 Eqa ot test “datessinticcsssceseee. 55 59 5 
18 CLOUD stares hears sera e Tae ene. 60 60 1 
19 SUD=drOUD eee cere cece eae cteneieed. 61 6] l 
20 End of feed test weight........... 62 65 4 
21 IS pel--terere eee eRe ARE aS 66 66 1 
22 hi ge ft dep te eta ted a eee ee 67 67 | 
23 SUP=GTOUNs tsetse, creer ris titres Be 68 68 1 
24 Gain on feed’*calculated: ssi3sis2%. 69 7\ 3 
25 Age - calculated (days on feed)... 72 74 3 
26 Average daily gain on feed - 

SAICULATECU.Mas ccs oe eae eet eee tae rE 7/7 3 
27 Rate of gain on feed index - 

CAICUIATED. cokes ca teehee ee EUR S SS 78 80 3 
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Table 3. Card layout form of the final test card 


Field Columns No. of 
Sequence Detail | | fe 2S tanto 01st Columns 
1 a ORCA G LT 3). vi cints isles tenet stele Me 1 l 1 
2 uid de tas fae haber Bade tole taste ar tah 2 a 3 
3 Aye Al eee dedi ak deepen papiriy aise) | 5 5 | 
F el ui f° beg Sic]. (RE Nn irda ab ara 6 6 | 

5 Creep fed (alpha X) or non 

ereep feo sto rank) once r settee ss 7 fi l 
6 Calculated rate of gain index.... 8 10 3 
7 UAC erry tae tis as sie arettce crs ois Viet eines (10) ii ] 
8 Used for calc (1) if gain 

TOS cic 6 e's h/e citer fev veto ts wearers ji iZ 1 
9 Dam registration number.......... b3 21 9 
10 Ban.nerarciarscterc:!.... canoer Ze 25 4 
11 Dam number and year letter....... 26 20 4 
12 Ore ierd ChavaCcel ces sccusecess 30 25, 4 
13 Sire number and year letter...... 34 37 4 
14 Oath sera’ Character. oc. cs ceccss es 38 4] 4 
15 Calf number and year letter...... 42 45 4 
16 SEK, Pe ee. Sook Save eue ete 46 46 1 
id Prete te seat tee en cts we tte h7 51 5 
18 REN) MET OITU ta trtctctetas stecey bee as 51 54 3 
19 ETI OPMtast Gates’... ste se sees acess a5 oS 5 
20 ROMS ESE, SRM ttc ee sere date ee acs 60 60 1 
21 Sd Thea a0 cg tae a ene fare 61 61 1 
22 End of feed test weight sate mastic a 62 65 4 
23 VE ihe, COCR. ROE EE ERICA 66 66 1 
24 PONT Me ehh enters sp aa eset 67 67 | 
25 SG POUND. 8A ieee sees ec es 68 68 1 
26 Catculated gain’ from birth.....%% 69 71 3 
27 Calculated ‘age’ from birth.....°%" f73 74 3 
28 Age at end of test (calculated).. 75 77 3 
29 Caicd@lated racing. .: cs. cceeee csc 78 80 3 
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Table 4. Combined card to tape layout form 


Field Columns No. of 
Sequence Detail Start Finish Columns 
! CLUPIN EN ee aa Va geten et es viv oie wed aver a cfasoer nie ee 1 3 3 
2 SME TRVCE Ortrin hath ais Ai os teeretecere: Cee es 4 4 | 
3 Pree eCOde ln Recess oes oh eee ie 5 5 | 
4 Creep fed (alpha X) or non 
GReep ered blank) sc vases eect ars 6 6 1 
5 POD SAay we ints, oui tice ase ch oe iy 9 3 
6 CIO Pea CT Olia A GeXe kes a cure ae 10 12 3 
i Group’ within herd index... ..%.% . 13 15 3 
8 Dam age 
VEOVS ay flees iedelea ee 16 iy 2 
AY Sinnc eg sess bre i ice eeeeeeaee 18 20 3 
9 Dam herd chatacters. ...... vmsmpeae 21 24 k 
10 Dam number and year letter....... 25 28 4 
1] Sireshnerd: Characters sa ss ies eaken st 29 32 Ly 
12 Sire number and year letter...... 33 36 4 
13 Galtehord icharact@tics cs «cs «heat 37 LO 4 
14 Calf number and year letter...... 4] Lh h 
15 SOK ae So bees oso + 300s OREN 45 4S 1 
16 Birthudatead s.. ceteetiee S eiccstatee wires 46 50 5 
tj BEE Snuwe Oita 15 cbt ee oy ee ete aoe ete at 53 3 
18 Weaned weight... «006s = 0 « semenesvever 54 58 5 
ib) WEBNeCEGCOUP << 6s cess oy ey eho ots 59 59 ] 
20 Wedtied SUD-GTOUD trey wie an ereis 3 sic. 60 60 1 
21 TE Salo AUR ae Breer reek gi bony ies 61 61 l 
22 Weaned Wel Gscuccvales we wie st pre sents 62 64 3 
23 TYPE COG: oo cs ccc be co ee menenenmeen 65 65 l 
24 Pendagroup... 0 arise e-<. «siete « 66 66 1 
25 PeedesUb-GrOUD. ie aertec esr 67 67 1 
26 Gain to weaning. c.. 6... 05 euenevnwes 68 70 3 
2] Age of calf when weaned.......... aa a3 3 
28 Average daily gain to weaning.... 74 76 3 
29 Average daily gain to weaning 
(adjusted for dam age).........-- 77 79 2 
30 Cais? hepa Gharacter a. ns. es c5 as 80 83 h 
31 End of feed test weight.......... 84 87 4 
82 i tetany Wine gee Fee oe 88 88 1 
33 Gain on feed - calculated........ 89 91 3 
34 Days on feed - calculated........ 92 94 3 
35 Average daily gain on feed - 
eae ated eek s ky oe emis cre ta sues eos 95 97 3 
36 Calf herd characteh... iss scccss ss 98 101 h 
ay | End of feed test weight.......... 102 105 h 
38 Gain from birth - calculated..... 106 108 3 
39 Age at end of test (days) - cale.. 109 111 3 
40 Average daily life-time gain..... 112 114 3 
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Table 5. Number of herds with positive and negative regressions of 


preweaning average daily gain over years to 1967 


Number of Number of 

Hereford Herds Angus Herds 
Value of Regression Coefficient M F M F 
Positive b Value * ] 0 1 2 
Positive b Value NS 3 3 6 2 
Subtotal 4 3 7 4 
Negative b Value * 1] 5 l 4 
Negative b Value NS 14 21 6 6 
Subtotal 25 26 | 10 
Total 29 29 14 14 
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Significant (P<0.05) 
NS Not Significant (P<0.05) 
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Table 6. Number of herds with positive and negative regressions of 
post-weaning average daily gain over years to 1967 


Number of Number of 

Hereford Herds Angus Herds 
Value of Regression Coefficient M F M F 
Positive b Value * 3 h 1 0 
Positibe b Value NS 12 10 10 9 
Subtotal 15 14 1] 9 
Negative b Value * 4 0 0 l 
Negative b Value NS 10 15 3 4 
Subtotal 14 15 3 5 
Total 29 29 14 14 
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* Significant (P<0.05) 
NS Not Significant (P<0.05) 
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Table 7. Number of herds with positive and negative regressions of 
weight-per-day of age over years to 1967 


Number of Number of 

Hereford Herds Angus Herds 
Value of Regression Coefficient M F M F 
Positive b Value * 0 0 0 0 
Positive b Value NS ] ] 3 2 
Subtotal ] ] 3 2 
Negative b Value * 14 7 2 3 
Negative b Value NS 14 21 9 9 
Subtotal 28 28 1] 12 
Total 29 29 14 14 
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* Significant (P< 0.05) 
NS Not Significant (P< 0.05) 
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Table 8. Weight of weanling steer and heifer calves at Walsh and 
Moose Jaw fall feeder calf sales from i946 to 1965 


Weight of Weight of 

Year Steers | Heifers 
1946 392 363 
ne 402 386 
1948 410 384 
1949 373 367 
1950 416 375 
1951 416 39] 
eye. 394 371 
1953 407 359 
1954 403 346 
155 yk 39/ 
1956 386 353 
195/ 377 346 
1958 396 365 
1959 395 370 
1960 399 366 
1961 38] 353 
1962 382 345 
1963 387 355 
1964 397 378 
1965 379 358 

Average 395 366 

Ib Value -0.94 -1.08 


1 the regression of fall weanling weight over years 
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Table 9. Use of the creepfeeding? practice in calves 


Herd 59 0 ] 


H-AAIN 
H-AET 
H-ARJ 
H-ASL 
H-BBF 
H-BGN 
H-BKP 
H-BSB 
H-BVZ 
H-BZD 
H-DEE 
H-DSF 
H-ETU 
Meee 
H-FS| 
H-GDT 
H-GUR 
H-HDA 
H- lAY 
H-1BO 
H-JNT 
H-MCI 
H-MFM 
H-OHB 
H-OTH 
H=R10O 
H-SBF 
H-UP 
H-XUB 
A-AYE 
A-BBP 
A-BC 
A-CCE 
A-CMA 
A-DHR 
A-DHV 
A-FHR 
A-GBG 
A-JST 
A-MN 
A-OAF 
A-TLT 
A-VN 
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prior to weaning by year 
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supplementary grains and forage in addition to regular available feed 
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Table 10. Total number of calves weighed at weaning in each herd by year 


Year 
Herd 59 60 61 £62 ~=«63 5 Pb6t-Wbya abo 9 |b Value 
H-AAIN I Rind a kc | a. FF cE pt Ce eR 8.5 
H-AET ieee eeu 1G oly. (9 uel feel ys tare ea eee O°7 
H-ARJ Soh) 643 2- 83 942)]098 99 102 10.5 
H-ASL ~ - - - 85 107 123 149 5 - - -11.8 
H-BBF 13 "M6518 17 228881 31 32-4. 35 Al 2.8 
H-BGN 14° Pose 2]. 27 9289605 $13 «°° 226.80 - - -0.] 
H-BKP 23 ~@Srtho 45 -WS7u5 57 SoOs9 855 = 70 4k 
H-BSB 6 6 8 12 ~“23719 26 183.55) 11 - 2.0 
H-BVZ - ~ - = §6§262%1 57 582.32 59 - 50 -1.6 
H-BZD Th PehRS9 170 22° WR 72517. «17 6 6 - - -0.8 
H-DEE 8 30119 20 e524 39: 470.435 31 31 24) 
H-DSF 26 “93999 39.0 43s 955930) = 6362. COSTCO z41 
H-ETU - - - - ee | - 64 53 - 2.4 
H-EZC - - - = 9977530 “41 430.280 51 - 4k 
H-FS|I ~ - - 25 9059920 35 380.939 53 58 5.4 
H-GDT 26 “6350133 «= 33h Ss 5891047 «866060 701.54B 82843 «= 56 2.6 
H-GUR ~ - - - 6524765 .73 529.575 80 122 8.3 
H-HDA ~ - - - 3) 5 34° 122.204 - 74 6.7 
H-1AY 27, “M3980 36 37 28819437 34 301.785 25 25 -0.5 
H-1BO ke ~45077'60 67 5776768 68 780.283 72 #87 3.6 
H-JNT 16°733%13 22 43. 4592752 © 44.. 333.3983 49-33 7 
H-MC | 130 -'979'127- 125 12793906 124 1171-982 145° 147 3.0 
H-MFM 5 5 8 12 Wo0ts12 9 194.823 32 40 227 
H-OHB 7°"8193" 2) 28 92156724 19 (261.327 - ~ 1.1 
H-OTH - - - 29 8439950 48 641:452@ -63 48 2.4 
H-R1O 90741798 20 «83615. «44999224 29 ~ «280,080. 24 4 1.6 
H- SBF 23 ~'g391 26 25 212502h 23. ‘ThE R27 31 933 0.6 
H-UP - - - - 4355542 39 630.866 68 79 6.7 
H-XUB 5 34039 43 fo hot7942 56 687,66) 78 68 5.0 
-A-AYE 1) ~498¢' 11 45 2861751 30 550.542 20 £90 3.5 
A-BBP 33 “09924 10 53 9720720 15 170-205 Bei -2.) 
A-BC 26 ~=668 -~ 70 “950072 42 790.510 - - -1.0 
A-CCE 27203603 36 33 «3140937 «43° 37 - 27 - 0.2 
A-CMA 1h7 “448 107 170 13607827 143 137-04 170 183 Bi.0 
A-DHR - - - - 4079536 39 332.260 41 742 0.2 
A-DHV 1) byet4 14 19 “2790623 31 250-PHR AG. 35 2 6 
A-FHR - - ~ ~ =9139658 50 572.05 59 = 5.8 
A-GBG - - - - 196936 35 4Sor.0%3 46 47 3.9 
A-JST - - - Ay “It ho 88947 68.6%3 ° 54 53 2.8 
A-MN oh D479 28 25 85732 48 5SB.77I. 56 74 5.6 
A~-OAF 10 9 - 16 “@petS11) 16- 16.2518 915 26 2 
A-TLT 39 2.40" 36 51 “657373 83 68-5653 50 9h a. 7 
A-VN - - = 17. BO22 48 33 37 Ao Sh AS oi. / 
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Table 11. Values of t obtained for the four traits in males 


Preweaning Conformation Post-Weaning Weight-Per-Day 
Herd ADG Score ADG Of Age 
H-AAIN “4.554 -1.360 2.358 -4.605 
H~AET 0.449 4 894 0.822 1.053 
H-ARJ -0.093 1.880 -4 463 -2.681 
H-ASL -4 542 -0.980 0.018 -1.343 
H-BBF 2eey | 3.971 -0.398 -2.443 
H-BGN -2.897 0.877 <a seve ol fe -5.044 
H-BKP 0.844 1.625 2.298 1.385 
H-BSB -2.459 0.725 0.616 0.024 
H-BVZ 0.261 1.254 LE he yo 0.860 
H-BZD -1.088 3.393 say bey’ AB -3.981 
H-DEE 1.780 -0.014 0.013 0.446 
H-DSF -0.059 rO2715 0.234 =O: 10) 
H-ETU = 15070 -0.899 0.963 -0.254 
H-EZC -0.461 12910 1.543 1.445 
HFFS | £18239 -1.247 shite -0.506 
H-GDT 618375 0.354 222067 -1.194 
H-GUR -0.086 0.194 i776/ 3.092 
H-HDA -2.974 1.767 -0.270 -0.989 
H-lAY 232243 5.927 32 35/ 0.094 
H-1BO 1.051 3.430 -1.006 -0.634 
H-JNT -0.170 0.015 -4 838 Re ge 
H-MCI -0.734 19567 1.342 -0.016 
H-MFM -0.790 02399 1.436 0.472 
H-OHB -1.156 2.612 0.827 -0.500 
H-OTH -1.261 1.250 sl pet 4, -0.906 
H-RIO 2.505 4485 -0.839 0.569 
H=SBF 3.136 3.279 -1.649 -0.746 
H-UP =2.521 1.617 ed ith es -1.276 
H-XUB -0.624 0.287 -0.224 -0.603 
A-AYE -1.303 -0.580 0.558 ee 
A-BBP -0.253 4.201 ieee -1.278 
A=BC -2.168 0.075 0.254 -2.111 
A-CCE 0.687 1.645 0.280 Bt PPR AS 
A-CMA 1.444 -0.906 8 st tb 0.919 
A-DHR 8.539 -1.396 -0.849 1.984 
A-DHV -0.847 0.164 2.090 0.342 
A-FHR 0.287 -0.411 2.681 0.793 
A-GBG 1.029 0.157 3.738 4.967 
A=3ST 0.568 2.815 Wee oe Wd 2.299 
A-MN 0.764 a sb a 2.564 0.842 
A-OAF 0.514 7.559 in2is 0.754 
A-TLT 2.185 1.420 1.156 1.005 
A-VN 0.894 5.021 2.022 4.270 
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Table 12. Values of t obtained for the four traits in females 


Preweaning Conformation Post-Weaning Weight-Per-Day 
Herd ADG Score ADG Of Age 
H-AAIN “5.063 -1.818 =0,.272 -3.216 
H-AET SO.3354 3.335 3.243 1.628 
H-ARJ 0.132 0.740 0.106 -0.226 
H-ASL -3.180 “2351 -0.940 -2.448 
H-BBF -1.996 2.817 =0:.02 1 = eb 
H-BGN eee ent 0.062 =: 933 -5.378 
H-BKP 1.895 1.141 4.023 1.962 
H-BSB -2.334 -0.424 0.320 -2.637 
H-BVZ 0.384 0.000 0.432 0.858 
H-BZD coh Ae pe 1.791 -0.419 -4 657 
H-DEE 1.385 -0.324 -1.396 -0.509 
H-DSF -1.180 3.984 3.207 1.097 
et -1.585 -0.267 -0.147 -1.612 
H-EZC -1.543 0.365 -0.762 1.209 
H-FS| 0.016 ~1.106 hy. 999 1.434 
H-GDT -0.821 1.781 1.639 0.196 
H-GUR -1.182 -0.448 2.422 3.378 
H-HDA =O /22 0.011 1.679 0.856 
H-1AY -2.265 0.750 3.438 0.041 
H-1BO 0.652 2.204 @;. 182 0.654 
H-JNT 0.551 6.842 “0.111 0.267 
H-MC | “0.972 3.427 4.592 0.967 
H-MFM 4 Rofl bee 1.520 0.858 0.907 
H-OHB = 1.194 1.000 42592 =0.292 
H-OTH ~  =1.249 0.008 0.023 -0.038 
H-RIO 2.445 B. 295 -0.548 -0.068 
H-SBF 3.050 1.384 “ah. / 15 -1.493 
f= UP. “3.504 -0.015 1.149 0.513 
H-XUB -1.570 -0.498 1.090 “0.213 
A-AYE -0.583 -1.804 4424 1.202 
A-BBP -3.606 1.605 mie. 7 16 “2.537 
A-BC -0.081 =~. 307 0.628 1250 
A-CCE 5.130 a. 153 1.861 2.867 
A-CMA 2593 0.114 0.066 1.095 
A-DHR ry Re -0.017 =0.920 1.487 
A-DHV 1.243 0.065 16! 0.763 
A-FHR -0.313 -0.906 1.643 -0.461 
A-GBG 0.071 1.566 1.816 3.750 
A-JST O72 i7e -0.478 0.428 0.511 
A-MN 0.816 -0.664 2.852 2.330 
A-OAF -1.391 4 962 1.423 0.021 
A-TLT 1.948 bh. 2/72 -0.184 0.914 
A-VN -0.892 -0.628 5.920 3.105 
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Table 13. Values for analysis of variance of preweaning average 
daily gain in males 


Degrees Of Freedom Due To Mean Squares Due To 


ee eee eso  Grrow __heatessl 0G; Ee 
H-AAIN 1 3 7.320 0.353 20.738 
H-AET ! 9 0.031 0.153 0.202 
H~ARJ | 9 0.003 0.374 0.009 
H-ASL ] h 8.036 0.390 20.627 
H-BBF ] 9 1.298 0.252 5.158 
H-BGN l 7 15.128 0.134 8.393 
H-BKP l g 0.444 0.623 0.712 
H-BSB 1 5 1.988 0.329 6.046 
H-BVZ ] 6 0.054 0.797 0.068 
H-BZD 1 y, 0.148 0.125 1.183 
H-DEE / 9 0.469 0.148 3.168 
H-DSF 1 9 0.002 0.519 0.003 
H-ETU ] 5 0.846 0.618 1.369 
H-EZC 1 h 0.029 0.136 0.213 
H-FS| 1 6 0.387 0.252 1.534 
H-GDT 1 9 1.607 0.850 1.891 
H-GUR 1 5 0.002 0.317 0.007 
H-HDA ] 6 0.604 0.068 8.842 
H-1AY 1 g 3.576 0.346 10.325 
H-1BO 1 9 0.275 0.249 1.105 
H-JNT 1 g 0.017 0.587 0.029 
H-MC | 1 g 0.380 0.704 0.539 
H-MFM 1 9 0.067 0.107 0.624 
H-OHB 1 6 0.404 0.302 14, 387 
H-OTH 1 6 1.326 0.833 1.591 
H-RiO ] 8 1.434 0.228 6.276 
H-SBF 1 9 1.134 0.115 9.835 
H-UP 1 6 4.276 0.673 6.354 
H-XUB ] 9 0.393 1.008 0.390 
A-AYE ] 8 0; 435 0.433 1.698 
A-BBP l 9 0.006 0.087 0.064 
A-BC 1 6 2.304 0.490 4.700 
A-CCE ] 8 0.265 0.563 0.472 
A-CMA 1 9 1.307 0.627 2.084 
A-DHR ] 6 bas 0.023 72.911 
A-DHV / 9 0.175 0.244 0.718 
A-FHR 1 5 0.156 1.896 0.082 
A-GBG 1 5 0.047 0.044 1.059 
A-JST 1 5 0.072 0.223 0.323 
A-MN | 9 0.262 0.448 0.584 
A-OAF l 8 0.044 0.168 0.264 
ATT, 1 s) 2.620 0.549 4.773 
A-\VN 1 7 0.438 0.548 0.799 
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Table 14. Values for analysis of variance of preweaning average 
daily gain in females 


Degrees Of Freedom Due To Mean Squares Due To 


Herd Regression Error Regression Error F 

H-AAIN l 3 2.465 0.096 25.635 
H-AET l 9 0.018 0.166 0.111 
H-ARJ 1 7 0.014 0.822 0.018 
H-ASL 1 4 2.441 0.241 w.098 
H-BBF l 9 0.673 0.169 3.984 
H-BGN 1 7 1.904 0.067 28.408 
H-BKP 1 9 0.892 0.248 3.592 
H-BSB ] 5 1.209 0.222 5.446 
H-BVZ 1 6 0.038 0.260 0.147 
H-BZD 1 7 0.166 0.095 1.748 
H-DEE 1 9 0.326 0.170 1.918 
H-DSF 1 9 0.591 0.424 1.392 
H-ETU 1 5 2.156 0.858 2.511 
H-EZC 1 h 0.096 0.040 2.380 
H-FS| 1 6 0.000 0.128 0.000 
H-GDT ] 9 0.250 0.371 0.673 
H-GUR l 5 0.193 0.138 1.396 
H-HDA 1 6 0.034 0.065 0.522 
H- 1 AY 1 9 2.259 0.441 5.128 
H-1BO ] 8 0.065 0.152 0.425 
H-JNT 1 8 0.150 0.493 0.303 
H-MCI 1 9 0.541 0.573 0.945 
H-MFM 1 7 0.111 0.087 1.276 
H-OHB 1 7 0.348 0.244 1.429 
H-OTH 1 6 1.431 0.917 1.560 
H-RIO 1 9 1.10) 0.184 5.977 
H-SBF ] 9 0.813 0.087 9.304 
H-UP 1 6 2.889 0.235 12.301 
H-XUB ] 8 2.233 0.906 2.465 
A-AYE 1 8 0.094 0.277 0.340 
A-BBP 1 8 4 539 0.349 13.004 
A-BC | 6 0.001 0.209 0.006 
A-CCE 1 8 0.265 0.563 0.472 
A-CMA 1 g 1.342 0.517 2.537 
A-DHR 1 6 0.976 0.132 7 890 
A-DHV 1 8 0.197 0.128 1.546 
A-FHR 1 5 A. tA2 1.145 0.098 
A-GBG 1 5 0.000 0.037 0.005 
A-JST 1 6 0.013 0.414 0.032 
A-MN 1 ) 0.382 0.573 0.667 
A-OAF 1 8 0.287 0.148 1.935 
A=TLT 1 9 1.3384 0.351 3,795 
A-VN 1 | 0.207 0.260 0.795 
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Table 15. Values for analysis of variance of conformation 
| score in males 


Degrees Of Freedom Due To Mean Squares Due To 


Herd Regression Error Regression Error F 

H-AAIN ] 3 0.458 0.247 1.851 
H-AET 1 6 5.028 0.210 23.95] 
H-ARJ 1 6 1.853 0.524 3.534 
H-ASL 1 3 13.541 2.492 5.433 
H-BBF 1 6 6.635 0.421 15.766 
H-BGN 1 6 0.840 1.09] 0.770 
H-BKP ] 6 0.940 0.356 2.641 
H-BSB 1 2 0.512 0.972 0.526 
H-BVZ ] 3 3.003 1.909 P5573 
H-BZD 1 6 5.581 0.485 11.515 
H-DEE 1 6 0.000 0.461 0.000 
H-DSF l 6 0.145 0.284 0.511 
G-ETU 1 3 0.150 0.186 0.809 
H-EZC 1 2 0.313 0.086 3.649 
H-FS| 1 3 1.036 0.666 1.556 
H-GDT | 6 0.098 0.780 0.126 
H-GUR 1 ] 0.009 0.237 0.038 
H-HDA 1 4 0.242 0.078 3.121 
H-1AY 1 6 6.947 0.198 35.134 
H-1BO 1 6 15.751 1.339 11.766 
H-JNT 1 6 0.000 0.414 0.000 
H-MCI 1 6 2.654 1.080 2.456 
H-MFM 1 6 61F7 0.732 0.160 
H-OHB ] 5 3.086 0.452 6.822 
H-OTH ] 3 1.422 0.910 1.562 
H-RIO 1 5 15.780 0.785 20.192 
H-SBF 1 5 4.915 0.457 10.755 
H-UP 1 3 3.507 1.341 2.615 
H-XUB 1 6 0.083 1.013 0.082 
A-AYE 1 3 0.552 1.640 0.337 
A-BBP 1 6 2.432 0.138 17.644 
A-BC 1 6 0.016 2.773 0.006 
A-CCE 1 7 3.968 1.467 2.705 
A-CMA l 5 0.364 0.443 0.822 
A-DHR 1 3 1.249 0.641 1.948 
A-DHV l 6 0.034 1.252 0.027 
A-FHR 1 3 0.288 1.710 0.169 
A-GBG 1 2 0.026 1.067 0.025 
A-JST ] 3 314133 0.395 7.925 
A-MN 1 6 0.172 0.125 1.375 
A-OAF 1 5 5.909 0.103 57.143 
A-TLT 1 6 1.346 1.072 1.255 
A-VN 1 hk 2.950 0.447 25.207 
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Table 16. Values for analysis of variance of conformation 
score in females 


Degrees Of Freedom Due To Mean Squares Due To 


Herd Regression Error Regression Error FP 

H-AAIN l 3 1.670 0.505 3.306 
H-AET 1 6 / aD 0.659 a gs | 
H-ARJ | 4 0.349 0.637 0.548 
H-ASL l 3 13.541 2.492 5.433 
H-BBF | 6 4.904 0.618 7.937 
H-BGN 1 6 0.001 a a es 0.004 
H-BKP l 5 1.486 1.142 1.302 
H-BSB 1 4 0.174 0.972 0.179 
H-BVZ | 3 0.000 1.903 0.000 
H-BZD l 6 3.294 1.027 3.206 
H-DEE ! 6 0.016 0.149 0.105 
H-DSF ! 6 3.394 0.214 15.874 
H-ETU l 3 0.006 0.081 0.071 
H-EZC | ys 0.097 0.731 0 133 
H-FS1 ! 3 0.361 0.295 lee 
H-GDT | 6 4.210 ey | Ce i 
H-GUR 1 1 0.449 2 tan 0.201 
H-HDA ] 4 0.000 1.628 0.000 
H-1AY l 6 a FY 0.243 0.563 
H-1B0 1 5 9.603 1 fd 4.856 
H-JNT | 5 4.114 0.088 46.807 
H-MC I 1 6 12.831 1.093 11.742 
H-MFM l 4 Lad | woe 2.302 
H-OHB l 6 aes ee D.355 0.999 
H-OTH 1 3 0.000 0.898 0.000 
H-RIO ] 6 22.185 4.212 5.267 
H-SBF 1 6 1.99] 1.040 1.915 
H-UP l 3 0.000 1.918 0.000 
H-XUB 1 5 0.184 0.745 0.248 
A-AYE | 5 a-hOo 1.103 8. <5 
A-BBP | 6 1.496 0.580 2.578 
A-BC | 4 4.964 2.905 1.709 
A-CCE ! 5 15.080 1.990 f.pig 
A-CMA 1 5 0.022 1 20e 0.013 
A-DUR 1 3 0.000 0.455 0.000 
A-DHV 1 h 0.002 0.492 0.004 
A-FHR 1 3 0.212 0.258 0.821 
A-GBG | 2 1.043 0.425 2.452 
A-JST ] 4 RR ak 5.396 0.228 
A-MN | 4 Oca 1.174 0.441 
A-OAF | 4 5.254 8 ge 24.623 
A-TLT 1 6 lis aed 0.828 1.617 
A-\VN 1 2 0.690 1.750 0.394 
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Table 17. Values for analysis of variance of post-weaning 
average daily gain in males 


Degrees Of Freedom Due To Mean Squares Due To 


Herd Regression Error Regression Error F 

H-AAIN l 3 3.142 0.565 5.558 
H-AET l 9 0.054 0.080 0.676 
H-ARJ l 9 18.412 0.925 19.914 
H-ASL | h 0.002 7.572 0.000 
H-BBF l 9 0.052 0.329 0.159 
H-BGN l 7 1.763 0.155 11.380 
H-BKP ] 9 3.700 0.701 5.279 
H-BSB 1 h 0.285 0.751 0.380 
H-BVZ | 6 0.304 0.992 0.306 
H-BZD 1 7 0.508 0.341 1.489 
H-DEE 1 9 0.000 0.557 0.000 
H-DSF 1 9 0.049 0.886 0.055 
H-ETU 1 5 1.111 1.198 0.928 
H-EZC 1 h 0.697 0.293 2.381 
H-FS| 1 6 1.116 0.472 2.362 
H-GDT 1 9 1.875 0.365 5.138 
H-GUR 1 5 28.368 8.879 3.195 
H-HDA | 6 0.006 0.080 0.073 
H- LAY ] 9 13.682 1.228 11.138 
H-1BO 1 9 0.839 0.829 1.012 
H-JNT 1 9 8.744 0.374 23.404 
H=MC I 1 9 3.122 1.734 1.800 
H-MFM 1 9 0.817 0.396 2.061 
H-OHB 1 6 0.917 k. B42 0.683 
H-OTH 1 6 5.265 2.801 1.879 
H-RLO l 8 0.236 0.336 0.703 
H-SBF ] 7 0.751 0.276 2.720 
H-UP 1 6 0.245 0.863 0.284 
H-XUB l 9 0.050 1.007 0.050 
A~AYE 1 6 0.163 0.524 0.311 
A-BBP 1 9 0.074 0.223 0.330 
A-BC 1 6 0.047 0.720 0.065 
A-CCE 1 8 0.040 0.509 0.078 
A-CMA 1 8 0.034 2.494 0.014 
A-DHR l 6 0.359 0.498 0.720 
A-DHV 1 9 1.203 0.275 4.369 
A-FHR 1 5 3.371 0.469 7.189 
A-GBG ] 5 1.388 0.099 13.974 
A-JST 1 5 1.501 0.951 1.579 
A-MN 1 9 e382 0.507 6.574 
A-OAF 1 8 0.516 0.348 1.482 
A-TLT 1 9 0.324 0.242 1.337 
A-VN 1 7 2.831 0.692 4.090 


tiv” 


O8F), 1 ac4.0 
ef .2 , POX.0 
GBE.0 f2h.0 
a0t..0 gee. 0 
7: pA, 0 
60.0 Sees 9 
22070 086, 0 
$£e:0 Bel. | 
1SE.5 EPS 0 
See. Ste. 0 
GElnc 23F .0 
et. PC8.6 
£¥0.0 680.0 
Bel. ff S$. I 
gf0.! poe .0 
es \é.0 
pj BFC. I 
os sef.0 
0 SHE .1 
Bf {08.s 
0 d£§.0 
uN ays.0- 
+6 £98 .0 
50' 00. | 
0 ase. 


Sy tke eat 


d . 
= ? 
oa t #-f oz 
ee pF a 
-—? os - , i oe 
nN - rn 
7 « ~ 
> 7 : 
— tis - a” « 
7 o ere d ; 7 
— : tf : 7 7 - 
| ba _ 
. i _ : 


an 


Aeon srrsmeivEoiy 


- ee nin nr mM ewnm wow 


ob 


y ’ zl : ¥ 


oaro/D Oo oO 


— 


SS 


xvilil 


Table 18. Values for analysis of variance of post-weaning 
average daily gain in females 


Degrees Of Freedom Due To Mean Squares Due To 


Herd Regression Error Regression Error F 

H-AAIN | 3 0.094 bh 272 0.074 
H-AET l 9 1.049 0.100 19.516 
H-ARJ l 7 0.040 3.549 0.011 
H-ASL 1 F 3.072 3.478 0.883 
H-BBF 1 9 0.000 0.274 0.000 
H-BGN ! 7 0.219 0.252 0.870 
H-BKP 1 9 11.097 0.686 16.183 
H-BSB l 5 0.074 0.719 0.102 
H-BVZ 1 6 O.. FA 0.790 0.187 
H-BZD 1 7 0.038 0.217 0.175 
H-DEE 1 9 0.814 0.418 1.949 
H-DSF ] 9 9.515 0.925 10.284 
H-ETU 1 4 0.020 0.924 0.022 
H-EZC 1 F 0.037 0.064 0.581 
H-FS| 1 6 1.067 0.267 3.997 
H-GDT 1 9 1.670 0.622 2.687 
H-GUR 1 5 26.972 4.598 5.866 
H-HDA 1 6 0.656 0.233 2.820 
H-1AY 1 9 6.825 0.578 1 hy. BEF 
H-1BO 1 8 0.017 0.506 0.033 
H-JNT 1 8 0.007 0.536 0.012 
H-MC | 1 9 20.066 0.952 21.083 
H-MFM 1 7 0.762 1.037 0.735 
H-OHB 1 7 2.719 1.073 2.535 
H-OTH 1 6 0.000 0.719 0.001 
H-RIO 1 3 0.508 1.689 0.301 
H-SBF | 8 2.064 0.702 2.942 
H-UP 1 6 2.435 1.844 1.320 
H-XUB 1 8 0.945 0.796 1.188 
A-AYE | 8 3.468 0.177 18.473 
A-BBP 1 8 5.677 1.928 2.945 
A-BC 1 5 0.225 0.570 0.394 
A-CCE / 7 1.098 0.317 3.464 
A-CMA 1 8 0.012 2.272 0.004 
A-DHR 1 6 0.386 0.456 0.846 
A-DHV 1 7 0.474 0.352 1.348 
A-FHR 1 5 0.853 0.316 2.699 
A-GBG 1 5 0.404 0.122 3.298 
A-JST 1 6 0.434 2.367 0.183 
A-MN 1 6 9.425 1.158 8 430 
A-OAF 1 2 0.158 0.078 2.025 
A-TLT | 9 0.035 1.033 0.034 
A-VN 1 3 8.756 0.250 35.045 
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Table 19. Values for analysis of variance of weight-per-day 
of age in males 


SE REE SE NINE ANE Ee LD EE oe eR BET EE RN SY ore ee Re 
Cee me 


Degrees Of Freedom Due To Mean Squares Due To 


Herd Regression Error Regression Error F 

H-AAIN | 3 1.571 0.074 21.202 
H-AET I 9 0.200 0.180 1.108 
H-ARJ | 9 4.055 0.564 7.186 
H-ASL | 4 3.623 2.009 1.804 
H~BBF ] 9 1.001 0.168 5.967 
H-BGN ] 7 3.824 0.150 25.446 
H-BKP 1 9 1.186 0.618 1.918 
H-BSB | h 0.000 0.486 0.001 
H-BVZ ] 6 0.602 0.815 0.739 
H-BZD 1 7 0.985 0.062 15.849 
H-DEE ] 9 0.097 0.489 0.199 
H~DSF ] 9 0.007 0.717 0.010 
H-ETU | 5 0.027 0.417 0.065 
H-EZC ] 4 0.558 0.267 2.088 
H-FS| 1 é 0.179 0.701 0.256 
H-GDT 1 9 0.916 0.642 1.427 
H-GUR 1 5 12.204 1.200 9.560 
H-HDA 1 6 0.216 0.220 0.978 
H- 1 AY 1 9 0.003 0.362 0.009 
H-1BO ] 9 0.335 0.835 0.402 
H-JNT 1 9 3.087 0.489 6.310 
H-MC I 1 9 0.000 1.539 0.000 
H-MFM | g 0.048 0.215 0.222 
H-OHB 1 6 0.188 0.753 0.250 
H-OTH l 6 1.568 1.910 0.821 
H-RIO 1 8 0.127 0.392 0.323 
H-SBF 1 7 0.061 0.109 0.557 
H-UP ] 6 0.767 0.472 1.627 
H-XUB 1 g 0.472 1.298 0.364 
A-AYE 1 6 0.037 0.694 0.054 
A-BBP 1 9 0.244 0.149 1.632 
A-BC 1 6 2.206 0.495 4oASS 
A-CCE 1 8 0.355 0.298 1.192 
A-CMA ] 8 0.178 0.211 0.845 
A-DHR 1 6 1.126 0.286 3.936 
A-DHV 1 9 0.030 0.256 0.117 
A-FHR | 5 0.538 0.856 0.629 
A-GBG l 5 2.045 0.083 24.666 
A-JST | 5 1.024 0.194 5.285 
A-MN ] 9 0.463 0.652 0.710 
A-OAF 1 8 0.131 0.231 0.568 
A-TLT ] 9 0.277 0.274 1.011 
A-VN ] 7 2.873 0.158 18.235 
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Table 20. Values for analysis of variance of weight-per-day 
of age in females 


Degrees Of Freedom Due To Mean Squares Due To 


Herd Regression Error Regression Error F 

H-AAIN | 3 2.064 0.200 10.344 
H-AET l 9 0.164 0.062 2.651 
H-ARJ | 7 0.027 0.528 — 0.051 
H-ASL ] 10.014 1.672 5.990 
H-BBF 1 9 0.198 0.135 e472 
H-BGN 1 7 3.044 0.105 28.927 
H-BKP 1 9 RE Bhs 0.705 3.848 
H-BSB | 5 1.098 0.158 6.956 
H-BVZ 1 6 0.656 0.892 0.736 
H-BZD 1 v 0.751 0.035 21.689 
H-DEE 1 9 0.105 0.405 0.259 
H-DSF ] 9 0.886 0.736 1.204 
H-ETU 1 h 0.569 0.219 2.600 
H-EZC l kk 0.148 0.101 1.462 
H-FS| 1 6 0.832 0.405 2.055 
H-GDT 1 a 0.022 0.568 0.038 
H-GUR 1 5 10.038 0.880 11.408 
H-HDA 1 6 0.055 0.075 Oe 732 
H-1AY 1 9 0.001 0.372 0.002 
H-1BO ] 8 0.242 0.566 0.428 
H-JNT 1 8 0.032 0.456 0.071 
H-MC | 1 9 leaks 1.403 0.936 
H-MFM 1 7 0.226 0.275 0.822 
H-OHB 1 7 0.035 0.412 0.085 
H-OTH l 6 0.001 0.705 0.001 
H-R1IO 1 ) 0.004 0.768 0.005 
H-SBF 1 8 0:593 0.266 2.229 
H-UP 1 6 0.193 0.733 0.263 
H-XUB 1 8 0.369 0.726 0.508 
A-AYE 1 8 0.674 0.467 1.445 
A-BBP 1 8 6.742 1.048 6.435 
A-BC 1 5 0.456 0.289 1.579 
A-CCE 1 i 0.827 0.101 8.220 
A-CMA } 8 0.319 0.267 1.199 
A-DHR 1 6 0.378 0.171 eek y 
A-DHV 1 7 O7172 0.296 0.582 
A-FHR | 5 0.080 0.376 P2213 
A-GBG 1 5 1.259 0.090 14.060 
A-JST 1 6 0.426 1.633 0.261 
A-MN 1 6 3.891 C2717 5.429 
A-OAF 1 7 0.000 0.207 0.000 
A-TLT 1 9 0.381 0.456 0.835 
4-VN 1 3 1.718 0.178 9.139 


ns 


/ Ay 


ee ie 
yeb-aq-inptew te marcel to zizyians OT eeule 
sleme? ni ous to 0 haere, 


en aco tt ae 
of aud esveupe 6 cb sht 

STR cpt eS “polsee ph. 
eee 0 At. pon." se ye 

rea.s a0. dai.c e rer 
[76.0 ie. 50.0 a a 
ove. 2 evo, | 1D. 0! 3 i pl 
s\r.! rob tl a ber .0 g Mek) 
yse.84 2GF. 0 f0O.£ t ay ie 
Hab .< 20% .0 RIXiS e h! 
aze.d 82!.0 Be0. | é i 9am 
det. e8.0 d20.0 3 Bel. 
e6a, 1s e£0.0 fan .c ‘y f , 
P¢s.C 202.0 201-0 e Fe a Rs 
Agc. | BEX .0 388, 0 e A 
009.5 ets. Pade .0 i = | 
sae. | (ot.0 Shy .0 M 
220.4 - and. c CEE 3 
8E0.6 Sad.0 $60.0 ¢ 
Boe, TI G83.0 BEG. 01 é 
SFX .G avo. 220.0 Oo 

€00..0 sxe .0 (60.0 - 

bSe .0 adc .0 ceo .0 : 

1\0.0 oer .0 ce£0..0 *) 

Fe .0 FGe#. | Fir I p 

wc .0 7.0 oss .0 \ 

ag. 0 SfP.0 2F0.0 r 

0 POY. 0 POD. 0 ; i 


& 


Coe fC am TE om 
[ | 


- o oe 


rm on oS 


6 fm 
a _ 
> ~ 
S 
zs 
Sal 3 Dt Oo BO KH 


zee, TdP.0 
até .d B80. | sft a 
ere. | 85.0 Ae .0 
OSS .8- Loto {83.0 = 
Pet. t, (os .0 2 
resus ‘v1.0 BYE.0 
S82. 0 805.0 Stf,.0. é 
ES.0- df .0-) PROC 8, 0) i 
oa0.8) EO 0 ey 
0 Fe 
Pad 


0. 0) TRBSE | 
000.9 FOS, 0. (900;0, | ne ne 
Be | Beh hi tee 2 v ie K 


a | Da 


ae 


Mm 
“ 
tt 
' 
“4 
-" 


GUR 
GUR 


and ow + 


Table 21. Evidence of effect of use of young performance tested 
sires on WDA in males 
H-GUR_O.117% A-GBG 0.073% 
63 OJ 19H - 63 GVZ 43S - 
EPR 4p = CMA 65N - 
RVM 47P - 
64 GUR 31S - 
OJ 19H - 64 GBG 20T - 
EPR 4p - GVZ 435 - 
EPR 6P - RVM 47P - 
EPR 11R - 
GUR 9S - 65 OHV 13S (115,2,109, a) 
GVZ 43S - 
65 EPR 6P - GBG 31U (124,1,111,-) 
EPR 1IR - GBG 44u (91,3, 116, Hy 
EPR 4P - 
GUR 4p - 66 RVM 47P - 
GUR 9S - GBG 36U - 
a + a 
66 GUR 21U (170*,2,110, ) 67 GBG 36U - 
EPR 6P - OAF 6T (97,3,104, _) 
EPR 4p - JPS 10V - 
EPR 11R - 
68 OAF 6T (97, 3, 104, _) 
67 EPR 4p - FB 45u - 
GUR 21U (170*,2,110, ) 
EPR IIR - 69 JTS 18X - 
HRM 15T - UA 6T - 
68 HHR 3W - 
GUR 21U (170*,2,110, es) 
HRM 15T - 
GUR 4ow (154,1,130,139) 
69 AAGU 3X (112,2,113,107) 
GUR 4oW (154,1,130,139) 


B1X (146, ,99,126) 
21U (170*,2,110, ) 


not official 

preweaning ADG index 

conformation score 

post-weaning ADG index 

average daily lifetime index or WDA index 


xxi 


bsizsa! sansmiotyac cnuoy to s2¥ to 130h%e % 
asism ot AQW no conte 


wv 
A000 ASDA . 
~ pF Wo £2 - Q 
" 2a AMO 
77 ve MVA 
/~_* + 
- Tos a50) ys) 
- 2&8 SVo 
- 98 MVA 
{ eofys,2it) eh Vid ea 
= 2ed-SVa 
( , tb fas) Ue obo 
ay \ mh ait e¢ 
( orl é ie) Ue vow 
- S\3 MVE od 
- ofa 
- et BRD f2 
f "<5 ) SAAS 
PORE. Ve) Tae aA 
= Vor AG! 
——_ 


VOT ay “on 


| er ; a8 i. 
| Chere sc a Ava 


ee 7 , (eet 081s tHaN) WO Moo A AUD. 


ASOT, Et 8,801 . 
( “(RET LOEN, Ae 
— (OShy 


(01, 


bi ad btn 
Kabn I AgW 410 xobri emt de 


ae a ah wae 
Ramet 


emia Ais! Penny) 


Table 21 Continued..... 


A-VN 0.055% 
61 MN 23L - 
62 VN IM - 
VR 1OR - 
63 VN IM - 
VN IR - 
64 RI 30K - 
65 Ri 30K - 
66 =RI 30K - 
MN 85U (98,2,92,97) 
67 MN 85U (98,2,92,97) 
VN 1U - 
VN O42U - 
68 MN 85U (98,2,92,97) 
69 MN 85U (98,2,92,97) 


29 


60 


61 
62 
63 
64 
65 
66 
67 


68 
69 
70 


AET 


AET 
KIA 


LRE 


LRE 


LRE 


AON 


AON 


AON 


AON 
AON 


AON 


AON 


AON 


Xxi i 


019 


H-AET 0. 


6M - 


6M = 
LN 


ONI* 


SN - 
28R - 


28R - 


20n = 
23W - 


23W - 
25M, = 


25W6 = 


+ xx 
ru) 


am i A 


21040 THA-H © A 


————— aan 


Je 


xxiii 


Table 21 Continued..... 


H-BKP 0.026 H-BSB 0.001 
59 SCW 3G - 59 BVU 13H - 
60 SCW 3G - 60 BVU 13H - 
SCW ION - 
61 UA 6M - 
61 SCW 3G - BVU 13H - 
SCW ION - 
38N - 63 UA 6M - 
BVU 13H - 
62 SCW 3G - EY! 6K - 
SCW ION - 
BKP 20R (95,2,110, ) 64 EY! 6K - 
SFE 25S - 
63 SCW 3G - 
SCW ION ~- 65 SFE 25S - 
BKP 15S (112,3,89, ) EY! 6K - 
64 SCW 3G - 66 BSB IV - 
epee ees (11921, 110,_) SFE 25S - 
65 XUB 13S (119,1,110, ) 67 AGF 80W - 
XUB 34T (107,3,98, ) SFE 25S - 
is BSB IV - 
66 XUB 13S (119,1,110, ) 
XUB 47U (115, _,103,112) 68 AGF 80W - 
SFE 25S - 


G7 XU Was (1'19,1',1'10,") 
XUB 47U (115, ,103,112) 


68 BKP 2X (131, _,121,123) 
XUB 13S (119,1,110,_) 

65 RKP 2x 4( 131,121,123) 
XDS 14Y - 


Ti fax 


- Md AU FA 


- 4a°1¥3 Aa 


a wos IDA 8a 


t 


=< (070 cian: 


a 
TBR ABO . 


“ott i i) ef 4 
er) 


ditt eft) ze { a0X | 


Teal, tinh we Phe 


XXIV 


Taba. 2 Gontinued:..... 


H-VVZ_ 0.030 H-DEE 0.010 
62 23} i 59 AOP 2E - 
MKA 3K - 
ihe 60 KKH 17M - 
KKH 9N - 
63 MTZ 39M - 
DUT I5R - 61 KKH 17M - 
ENY 9M - 
62 KKH 17M - 
64 ENY 9M - 
WAE 11P - 63. KKH 17M - 
65 WAE 227 - 64 JS 6T - 
ENY 9M - 
Duy 267. = 65 — aiSt Glare 
WAE 11P - 
66 KKH 58U - 
66 ENY 9M - KKH 72U - 
OJ 28T - 
WAE 22T - 67 KKH 58U - 
WAE 11P - 
68 DEE 10X - 
67 BVZ 2W (95, _,107,100) KKH 58U - 
ENY 9M - 
OJ 28T - 69 KKH 124X - 
WAE 22T - DEE 12X (103,3,115,109) 
68 HDA 77X (120,1,102,109) 
WAE 11P - 
OJ 28T - 


69 AAGU 4R (104,1,97,_) 
HDA 77X (120,1,102,109) 
OJ 28T - 


Table 2] Continued..... 


DoeruO20'35 


61 
62 


63 


64 


65 
66 


67 


68 


AYD 


RJU 
AYD 


BHG 
RJU 


RJU 
BHG 


MFM 


MFM 
RJU 


MFM 
RJU 


RJU 


hour 


89R - 
LOG: 


34R - 
89R - 


St 
34R - 
mrt |842,109, ) 


7T (118,2,109, ) 
89R - 


7T (118,2,109, ) 
89R - 


89R - 


788W - 


O46 


IRS 


-3P - 


R= 
LON - 


rer = 
je Bes 
La 
10 = 


rR = 
mL IS 
200 = 


feiss 
20U - 
1k = 


ied 4, OP 
63 . SSK 
EVI 
64 JK 
VY 
65 ATL 
BUL 
JK 
VY 
66 JK 
BUL 
DJT 
67 BUL 
DJT 
JK 
68 EZC 


23W (114, ,109,113) 
IR - 
20U - 


XXV 


VAR 


oo na 


30,0 JA&3-H 


mms 


= AT AU Ed 
= SE 41N3 


- 
ith 
cc 

x 


5 
~ AE Ht ao 
~ rid 
- ec} JUG 
~ HOS TLO 
= le Ws) 
LA 
- ~~ UO | 
= 9 
oni ’ i ‘ 
: he 2 c .* 
“ ¥1 
LQ! ut 
\ 
| 
, 
I 


£8 


Be hi &) ani) i 


ry hin 


hy eOr, st, fos 


XXVi 


Table 21 Continued..... 


H-HDA 0.021 H-1AY 0.002 
61 HDA 4N - 59 DJT 10K - 
AGF 7P - BRR 970M - 
HDA 34J - 
60 DJT 10K - 
62 HDA 15R - CDN IN - 
PBV 78P - 
HDA 72M - 61 DJT 10K - 
HDA 23F - CDN IN - 
63 HDA 23F - 62 VSH 8IN - 
HDA 72M - CDN IN - 
PBV 57R - AGF IR - 
64 PBV 57R - 63 VSH 8I1N - 
HAJ 13R - UGA IN - 
HDA 5S (113,1,112, ) 
- 64 VSH 8IN - 
65 WAE 12S - AGF IR - 
HDA 72M - CDN IN - 
HDA 19U (93,3,104, ) EY! 30S - 
PBV 57R - 
65 EYI 30S - 
66 JBC 19V - 
SCW 13T - 66 EY! 30S - 
HDA 5S (113,1,112,_) 
67 BYG 30U - 
67 HDA 5S (113,1,112,_) NE! 1W - 
JBC 19V - 
BKP 1V - 68 KKH 72V - 
69 PBV 5W (119, ,107,107) 69 KKH 122X - 


HDA 5S (113,1,112, ) 
226 - 


bVEX 


——— a edl 
— 


$00.0 YA(-i 
wld a 5c lhe 


> — —_ * aT 
= ROL rua Pe -) ri Bees a ] 
} * be : Ue a 


~ 
i 
~ AGI~TULO ) 
- “wi “Id 
4 { 
i ~ WB HeV Sad 
- WT. ve | 
“~ Af 4oA \ ; 
\ 
o . 
- Mis H V 4 
- “if Ad’ 
_ « WIS HWeV id 
Sl “pA 
- Wile ¥Go 
20k i | 
— 


a its L. es : 

- 208 1¥4d 30 * t Mie 
7 a $1 oo : r rN iy 5 

= Yor aya {a - | 


(SER, (ee! 
a 


REY TI 


Table 21 Continued..... 


H-MFM 0.007 H-R10 0.011 
59 ETB 3L - 59 RIO 12J - 
RIO IM - 
60 ETB 3L - 
RRV 2M - 60 RIO 17N - 
RIO 12J - 
61 EBT 3L - 
61 DBK 21N - 
62 WHRX IP - ON - 
63 WHRX IP - 62 DBK 21N - 
64 DG I9R - 64 HDA IT (108, , , ) 
WHRX 1P - DBK 21N - 
MFM 18T - 
65 JK 37R - 
65 RZV 22T - HDA 1T (108, , ,_) 
DBK 21N - 
67 RJU 59TV = 


66 HDA fT (108, , , ) 
68 RJU 59IV - 
67 BBF 13W (130, ,118,123) 
69 RJU 59IV - AUDL SWANS, 5...) 
MFM 2Y (112, ,97,107) 
va 68 BBF 13W (130, ,118,123) 
ALD 9W (115, , , ) 


69 BBF 13W (130, ,118,123) 
ALD OW (115, ,_,_) 


XXXVI ii 


Table 21 Continued..... 


A-AYE 0.005 A-CMA 0.005 
59. BC. 66L-- 59 CMA 138J - 
CMA IK - 
60 BC 66L - EB 50) - 
CMA 2F - 
6] BC 66L - 5505 - 
62 257 - 60 CMA 138J - 
BE S6L, ~ CMA 128M - 
BC 73N - EB 50J - 
CMA 2F - 
63 BC 66L - CMA 1K - 
200 5505 - 
DMX 13P - 
61 CMA 128M - 
64 BC 66L - CMA OF + 
GMH 6T - EB 50u - 
931 - 
DMX 13P - 62 EB 50J - 
CMA 128M - 
65 931 - 
BC 66L - 63 LBP 760 - 
GMH 6T - CMA 138J - 
BBK 19P - EB SOJ - 
BC 24M - CMA 128M - 
BC 4kU (119, ,92,102) CMA 2M - 
BC 64K - COL 19E.— 
66 BC 7U (95, 104,95) 64 PGB 10S - 
BC 66L - CMA 2M - 
VE 10U (121,2,119, ) CMA 128M - 
931 - CMA 735: (19s Ip118,,) 
COL 19E - 
67 = BC 7U' (95,_, 104,95) LBP 750 - 
BC 12V (110, ,108,109) CMA 138J - 
BC 29Vx* 
WESTOUD (121,2,119,_) 65 CFC 5T - 
CMA 1387. (112 dee) 
68 AYE 2X (98, ,98,100) LBP 760 - 
AYE 3V* E. LMA 60S - 
AYE 24x (117, ,105,114) CMA 73S (119,1,118, ) 
BC 29V* 1728 - 
69 RB 35U - 66 1728 - 
PERIY (ils sly) CMA 73S (119,1,118, ) 
Oe a | a CMAIS8T. (CM Ve 
LMA 60S - 
* test station COL I19E - 
LBP 760 - 
0842 - 


Crteo): = 


200.0 AMD-A 


- LBEL AMD ee 
4 Ri 


he 
-.3 ae 
a 
i@ge Ad 
> | mi ‘ 
Me Sl any 
- LO 82 
=m hi 
dey 
[ LM") 
a » i. AM 
"12 
- ¢€wce 
. mex : 
1 i 
i 3 
ba he 
5 oa ‘ty 
~ LOe 63 
' sain 
wl?) : ) 
fat @an.i - 
—m— Met tl ne to 
r <> » £ ”~ 
~ (4) PY) 
: _ = 
= LUc Ss 
‘4 : A14% 


et hee | 01,90, .@t) ‘vib 3 : 
= 30! ie | ey ky alk 


a ee f  (aayhor ae 
| ar ores (Pt a 
\ BEt, 1.281) @EN° AMO Ng 


aot — fo 
~ LBEl AMD (oF ey 


= Te 3 3 3) 
Ord? KA 
( e | c{T) 16 ' \ 
ie -. Dal ‘38 
fh 


- 8st 33. 
( Bibi ern). Zey Ano 
< A st ‘St T) Tee} AMD 

ol = 20a AMI 


; = 


RT 


Table 21] Continued...:. 


A-CMA 0.005 Continued..... A-DHR 0.046 
G/ TeMA2V38T (112,1, , ) 62 DHR IP - 
Pyeo a BDY 31N - 
CMA 2V - 
CMA 73S (119,1,118, ) 63 DHR IR - 
LBP 760 - - DHR 11R - 
APF 7L - 
LMA 60S - 64 DHR IR - 
DHR 15T (120,2,119, ) 
68 CMA 167U - 
LBP 760 - 65 DHR IR - 
2113 - VN 3S (107,2,98, ) 
0842 - 
1029 66 DHR 27U (107,2,114, ) 
1728 - Ni 3ou610752,98, ) - - 
BMA 13eT (1127, 4) 
APF 7L - as) 67 DHR 27U (107,2,114, ) 
DHR 27V (119,3,110, _) 
69 8420 - 
eanoiset 12.1535.) 68 DHR 27U (107,2,114, ) 
CMA 143W - eye DHR 25W (110, _,112,111) 
CMA 154W (118, , , ) 
LBP 760 - Al Pe 69 DHR 10X (117, ,101,112) 


DHR 25W (110, ,112,111) 


' ro A 


ee ae 
ae 


Ay 
5 04 res 
‘ jf wr 


x TxX 


a A 
9% 
= 


.* tae 


Fu a : 
av0.0 ANGAA ay paver nod aay 


| ( wo eae 
en | eee | SUT, FRET. ha 
; Lt ee , ch as 


+d F 


* La & 
- +i 7 J) at ’ 
, is vag / tae Pp ce Wah 
ms | a: 7 z 
4 ' /. wh 
logo. £9 { BEE HR 
And ° creeh 


XXX 


Table 21 Continued..... 


A-DHV 0.005 A-FHR 0.027 


59 DHV 2K - 62 BDY 29 - 
JJB 68P - 
60 DHV 4N - ni 
YH 485 - 
63 JJB IR - 
61 DHV 4N - FHR) ke . 
21 - 
62 DHV 18R (110,1,101, ) 
DHV 4N - ‘? 64 771 - 
FHR 4S - 
63 DHV 18R (110,1,101, ) 11K - 
BBL 38S - JPY 19P - 
DHV 4N - 
DHV 14R (107,2,101, ) 65 FHR 4s - 
21 - 
64 RBS IT - FHR 54uU - 
DHV 28T - JJB 10U - 
BBP 10M - 
66 21 - 
65 DHV 28T - FHR 23U (98,2,108, ) 
RBS 17 - FHR 54u - fi 
AXY 23M - FHR 7V - 
FHR 23V (112,1,102, ) 
66 AXY 23M - a 
DHV 28T - G7) FURR SSS er uy aa) 
RBS IT - FHR 65V - 
21 - 
67 JSP 36V - 
DHV 14wW (106, ,106,105) 68 FHR 4s - 
RBS IT - FHR 23W (120, ,104,115) 
TJS 12V - FHR 46W (114, ,105,104) 
TJS 17W - FHR 80X (148, ,115,132) 
68 CKA 12W - 
DHV 7X (110, ,114,108) 
TJS 17W - 
69 CKA 12W - 


DHV 7X (110, _,114,108) 
OAF 14X (107, _,105,105) 


nn 


P 7 
wD) 
< 

~ 

he i) 

: 

= * 


roo 


Any 
yi 


aan 


ah 


A I 


a. 
ie 1% 
- 


~~ 
Oh 
“14 


whe 
> 

al ' 

ou 


- ) 


od 


(301 anon ser be 
e B i" 
ort Lh 


i555" 
Baguley 21 aooe) 
17U (98 uy 
OW ET oa 


67U (119, ,116,116) 
BiUil2252.338,.) 


158W - 
55W (110, ,116,114) 
29T (100,3,87, ) 


A-JST 0. 
Boned ST 
CKA 
63 CKA 
JST 
JST 
of. ST 
gST 
RI 
65 FKZ 
UST 
SST 
JST 
66 AUZ 
CU 
Be JST 
68 
MN 
JST 
69 JST 
OAF 


h6W (111, ,124,119) 
geile £107, 107) 
2L - 


65 


66 


67 


68 


69 


XXX i 


A-MN 0.018 

59 MN 2 - 
MN 70L - 

60 MN 2J - 
MN 7OL - 

61 MN 2J - 
MN 30P - 

62 MN 2J - 
MN S5P - 

63. MN 2J - 
MN 80S (108,2,134, ) 


BDS2 (99,2121 0) 
30R (101,1,98, ) 


2J - 

lJ - 

26T (94,1,116, ) 
lJ - 

2J - 

2haS (107,2,107,_) 
6U (93, , ,_) 


lJ - 

154V - 

EBs (112, 1116, 
94v (124,2,116, ) 


156V - 

15V - 

2) - 

55V (112,1,116,_) 


how (111, ,124,119) 
55V (112,1,116; ) 
213X - 


h6W (111, _,124,119) 


[Axx Ph, 


ry Ls yim ‘ 
Ie AM 
x ~ USinm gd 
- Sad A r4 
-/L8- 4M. £6 ; 
; nF > BOT) 206 Vs 
7 tS), 8 } Oe ‘ 
(BE Of) AOE MM 
— = LS A i es (SUF ORT vest) 
~ Lf oad rm 
a 2) TAS -M i a tS, St: HE Tet i 
e ; - s) a j 
- Lf 020" .29 rae ~ weet _® 
« £S° 0M (RL A Oey ke ‘ 
( AC L. $< YOR) yee veh ( as €, 001) T 
~ € 4. , £2); Uo" Me | 
ae | (ant astig rt Le 
- LT 320 3d (90 NOK sin) AO 
— Ve? | J iq oA 
. J 4s 
f OT hyst } Vec Vm ef : 
€ vatt,S ast} Wee UV 4 
~~ 
2 Neel JES “Ya. 
i" ; yef 43 
. LS Am i J 
( dit, t,t) vee aM 


(err, esi, Vit) Wee Feb, 8 
( att, i, SUT) Ved, HA 
~ Xers NVA 


itt) Wad 


Table 21 Continued..... 


016 


A-OAF 0. 


60 
62 
63 
64 
65 
66 
67 
68 
69 


JPY 


DHV 


DHV 


DHV 


OAF 


OAF 


OAF 


OAF 


CKA 


SN - 
16P (104,1,114, ) 


A6Pad104,1,114, ) 


16P (104,1,114, ) 
BUA 1125. 5107,107) 
gUgh112, ,107,107) 
2U5{442, , 107,107) 
2UeU112 5 107,107) 


ara (Tbe. 2, 1027112) 


59 


60 


6] 


62 


63 


64 


65 


66 


67 


68 


69 


XXX1 i 


AstLT 0.011 


19M - 
ASK - 
Ski 
2M - 


SEE 
[5h = 


aki 
ST eS 


12P (94,2, ,_) 
19M - 


60R (103,3,107,_) 
he 
SIR (103,1,98, ) 


345 - 
10S - 
60R (103,3,107,_) 


aa 
60R (103,3,107,_) 
hee 


10S - 
34s - 
12U (109,1,113,107) 


8R - 
12U (109,1,113,107) 


8R - 
12U (109,1,113, 107) 
27X (93,3,101,95) 


Ty Loe, waves ha) 
7 L1395 eho saeco) 
12U (109,1,113,107) 


7 14K 


i, fy 
am eA 7 17 
~ ¥ e rn = 
t+ ai 
‘ 7) 
- ¢ 
} ‘% 
- 7 
+ 
: 
A is \ 
‘ ; 
y J 
t } * 
- } . 


ki tttd #00) sat _ 
a AT, i Hor). ae J 
P NOE, si) 9 oO 

i ay nes Wir 
(SOF. VOT, kd J “e We 8 
(vot vot al | 


(Ok NOH yes: 
fl ae a 
(aiy a0 Oe 
hae 


Table 21 Continued 


H-AAIN -0.100* 


62 DGT SK - 


63 


64 


65 


66 


DGT 
BHG 


BHG 
PPHR 


PPHR 


Bla 


5K - 
60S - 


60S - 
65 - 


239C 
65. = 


239C 
6h - 


9 
60 
6) 


62 


64 
65 


66 


67 


68 


69 


MTZ 


MTZ 


H-ARJ -0.043% 


264-56 - 
264-56 


Ze = 
264-56 - 


2P - 
264-56 - 
20A - 


XXXI ii 


*s 2 
+1 TAK 


Table, 21,Continued..... 


H-BBF -0.033% 


29 
60 


6] 
62 
63 


64 
65 


66 


67 
68 


69 


AKY 


AKY 


AKH 


BBF 


BBF 


BBF 


BBF 


BBF 
BBF 


BBF 
BBF 


BBF 


ALD 
TEM 


ALD 
TEM 


glee 


6P - 
1U (128,1,96,116) 


1U (128,1,96,116) 
S20 12101, 105.2142) 


1U (128,1,96,116) 


15x ( 
Z5V) = 


oe, 09) 


—* 


15X (_,2,_,99) 
25V - 


59 ANS 
BGN 
BGN 
60 ANS 
GBN 
61 ANS 
62 ANS 
BGN 
63 ANS 
AAN 
64 ANS 
AAN 
65 AAKW 
ANS 
66 BGN 
ANS 
67 ANS 
UBR 


XXXIV 


H=BGN -0.084% 


Vl Oe 
T4L - 
7 3 ais 


Len 
AM ies 


| fd 


12h, = 
6R - 


12M - 
778 (117,2,95,_) 


12M - 
feito Len AG on aed 
Gils 24 b204n07) 
12M - 


20U (96,2,87,100) 
12M - 


12M - 
3V (84,2,92,88) 


vixXxx 


PC LL LAL LLL EIEN 
a ete A 


SHAG. O- Agar tt rat 


piecemeal 


~ MSI 
aay 
~ Us 


~ Mad 

Ls 

- MS 

+ ae 


oe MS 
( ,20,8.00T) ayy 
* sc f 
(20,5, NELY BK 


4A. 


¥io 


Wad 


Od 


PA 
. 
rgd 
am 
Pia | 


Mh} A 
naa 
v, . i 
i] 
7 nt 
Vy 
=| 
\ ) 
‘ hr ee | ; 
, i} 
i. : 
bf Ph 


(abn aae 


cart ye at) 
(SH, aor, (fe) 


oN ) Beats 
ETP 2. I es ~ 78 


XXXV 


Table 21] Continued..... 


H-BZD -0.063%* H-JNT -0.048% 
bo SBZ025L - DS ey tel one 
ERDESZh Spr 20) = 
60 BZD 25L - 60 JN O18N - 
SBE 720d. = 
61 BZD 25L - 
61 JN O18N - 
62 JLB 10P - sGF 20) = 
DLK IR - 
62 STRte ask 
63 DLK IR - 
JLBAM OP - 63. _ HC. 18P- - 
LAD Son = 
64 JLB 10P - 
G4 UCL por es 
65 SYLB* 10P‘\= AGES 53Ry™ 
nGBi321 
; 65 uC ior — 
66 1GB°32T - AGF 33R - 
LOGS 1 3U = 
67 ETB 28R - 
66° SHC U1 GP 
AGF 33R - 
TOG 13U - 
67 TOG 13U - 
68 TDG 13U - 
AGF 17W - 
69 TDG 13U - 


NMB LTY - 


yREx : 
7 


——— ned 


280O. 0+ Tht}: a) 


ed 


Table 21 Continued..... 


HEASL: =0). 022 


62 LFH 72M - 


63 


64 


65 


66 


67 


VV 


LFH 
LF 


2324D - 
168A - 
353) = 


72M - 
AIR = 
2258 = 
2324D - 
LSA = 


07 ne 

193A - 

197C - 

7IR - 

wit) (10742,88, -) 
207 - 

18 - 

107C - 

bly (107,2,88, ) 
107C - 

14,22,27 - 

45U (119,1,93,106) 
92V (102,2,123,110) 


25i; - 
113W - 


XXXVI 


H-DSFr -0).002 
§% Atlin 26 
EPZ 5A; - 
60 ATL 2E - 
Fly 128 
Gh Atiy 2Ea- 
MCW 82F - 
62 AGF 5K - 
MCW 82F - 
63 AGF 5K - 
64 AGF 5K - 
DSF 34R (95,3,94, ) 
DSF 40S (115,2,120, ) 
65 AGF 5K - 
DSF 34R (95,3,94, _ 
OSH 40S: (115,25120; ) 
66 AGF 5K - 
AGF 24s - 
DOSE 406 (115.2, 120, 2) 
DSF 25U (115,1,125, _) 
67 AFF 4O1V - 
68 AAN 3W (117,1,127,126) 
AFF 4O1V - 
69 AFF 12V - 
AAN 3W (117,1,127,126) 


aKas 


iwnxm ‘at 


y ITA 0a ; 


@ 


- on 
¥< s a a ue 
( deb. ae) ASE F20 a cae 
( OSE. Sahl) 204 420 an ul 88, 8.400) F 
7 ies 
| “ens 408 “ee +f 
( OST S. aft) 208 920 . (301, ee.te va 
7 28%. p.2att) Bes A206 (ort, gS, $,86 


sae . " 
- ViOe FIA Xd j bye 
1 ‘Ke 
\ EA : 
(AST CSL. ELV ED We AeA ud ; : we : 
h ~ VEOu AFA ; ok 
- ye 


(357 .XS7.1. VEPP WE 


| 
, 
, 
. 
- 4d 70 


XXXVI i 


Table 21 Continued..... 


H-FSI -0.017 H-GDT -0.027 
62 OJ 47U - 59 KOD 21K - 
AKH 53N - CTY 2H - 
63 OJ 47 - 60 GDT 3M - 
AKH 53N - CTY: 2H = 
BH roteo) (103,1,103,. ) 61 GOT 14N - 
OJ 47d - CTY 2H - 
AKH 53N - 
62 DLK 16P - 
65 OVM 3N - 
OJ Az - 63 AFF 20R - 
HAJ 28T - DLK 16P 
66 OVM 3N - 64 AFF 20R - 
OJ 47U - GODT 11S (107,1,125, ) 
HAJ 28T - 
65 AFF 20R - 
67 OJ 47U - GDT 11s (107,1,125, ) 
FSI 21V (112,2, 104,113) 
OJ 84y - 66 AFF 20R 


GDE1hS (107.6, 425, _) 
68 FSI 21V (122,2,104,113) 

FSVELOW (¢ ,2,125,123) 67 JVF 12V - 

HAJ 28T - AFF 20R - 

GbT 4avn(422,1,109,117) 

69 FSI 41X ( ,3,90,95) 

FS! 4ow ( ,2,125,123) 68 GDT 57W (134,2,116,127) 

DIT 18X - | JVT 12V - 


69 GDT 12Y (108, ,103,106) 
GOT 57W (134,2,116,127) 


en 


$S0.0- Tde-H 


aE 


= 

rs 
4 <> 
z 

rt 

fu 


. As 
} é # Wo 
om Vv ee 
La - 
vit : ig 
~ j 
% ‘ 
a Ge 
~» 
< 
-P ‘win 
~ 1 
4 sh 
ag Pi 4 
AQi} ¢ 
© 322A ae 
j { Toi) : Ww 
i —_ Pe\Viv € ‘ 
AS 
- 1 mit) > 
\ . iV an | 
¥S/ AVi “Xe 
’ ‘ '*% 7 
“eAc 20 A 
- SOS } 
¢ us v 
aga ey »f/ swe 
~ ‘ 5% 
(Tcl Ss) i 7 [*) /' ’ (C; > 
¥ - 
Por 
(801, Gl, 
L\: arf, 
- 


cEUN #01, 8. S08) 


(f 71,805, 8, a set 
(est Last, Se 


a 


(228, 08, oar 
AES1 281, 8,_) BOF 


Xxxviil 
Table 21 Continued..... 


H-1BO -0.010 H-MCI_-0.000 
59 MCI 108J - 59 MCI 121F - 
ZA 26L - if ne i eh 
MC! 129H - 
60 MCI 108J - JHR 22L - 
ZA 26L - HC 21L - 
RJM 18F - 
61 MCI 1085 - MCI 58K - 
ZA 26L - 
60 JHR 22L - 
62 MCI 108J - Met I2{poq 
i fog {8 | Meio = 
ZA 26L - 
61 MCI 22L - 
63 MCI 108J - MCI SIN - 
EY! 30P - MC! 121F - 
KKH 46R - MCI 131M - 
64 EYI 20S - 62 MCI SIN - 
EY! 30P - MCI 95L - 
KKH 46R - MOT TPP CT Tay) 
MCI 34P (125,1,147, ) 
65 EYI 20S - 
1BO 8U (104,1,107, 104) 63 MCI SIN - 
EY! 30P - MNGi JP ba 2 three) 
MCT 34P (125,1,147,.. 
par BCE? 35. = MCI 34R (112,2,96, ) 
JUX 43T - 
Feu. 20U (7 14,1,720, 116) 64 MCI SIN - 
JSP 186 - MCl 7P (1T4,2,147, ) 
GCI i8v - MCI 34P (125,1,147, ) 
MGI 2US ULIBy Tees) 
67 GCI 18V - Metts (135.2. 1155.0) 
JUX 43T - 
RJU 199T - 65 MCl 7P {114,2, 147, ) 
1BO 8U (104,1,107,104) MCI 34R (112,2,96, ( 
JSP 18U - MCI’ 177 (92) 118) 
MOI 22 CO Pete) 
68 JSP 18U - 
GCi 18V - 66 “MCI 17T (912,118, ) 
1BO 8U (104,1,107, 104) MOL o2OTLLOT ty leas) 
MG] 86T (86,3,116,.)° 
69 AAN 52X - MCI 17U (109,2,101,106) 
GCl 18V - MCI 67U (105,1,99,105) 
iBO 8U (104,1,107, 104) 
JSP 18U - 67 MCI 94S (112,2,103, ) 
RJU 188T - MCI 17t (91-9) 16eet 


NGL 22T Cibo laieies) 
PBV 86T (86,3,116, ) 
AFF 292U - 


Li i wxeex 


a 


oot ) 


.4 
tae 
~~ fe 
ay 
fits! 
- gs 
> os 
4 
= 4 
a 9 i >I 
cc 
‘ 
~- ] 
H 
Mie 
<i 
ae a) 
- LAf 
c ‘ ‘ c 
Cet. S PLE} 
ri 5 sc quis 
af | 2st) rr. 
- “WiaZ 
a? 
Pa ' cae 
a be 
a om 4 AS 
\ “<> 
- > oT] ) 
\ ad 7 . 
a Le 
f 5 is - / 1\ 
. 7 iba 
i pe & Gi 
, Ll. ON st 
ak > me o \ ~~ 
‘ { eil)} Lik 
ea , 
= 2 : stat 
i ,e' a ett 
ci - Arey ar 
\ PS Atty s\ 
> cae crt) sdf 
j io ‘Ss. Sit) af 
OFF ¢ (Oo) Tt } 
( 2044 SE he, t 
——— t ce 
\ tétoh, 16f) 1S 


C.. atT,&, 38) 


(d0T 101 .S@0fh)- 


(200, 2, 1801) 


£801 Ss, sti): 

ee BLT, S, 18) 
galt re 

Tat .8,0 


‘ ~~ 


24° 
Th 
ioe 


«ow 
— 


—— 


OM 
iM 
| 
. vor 
t JM 
; 


bam 


tam 


ae 


Lai=Ht 


09 
| ' 
iV 
ga 
so 
ra! 
* 

co 


er ae ie 


y iat 
on i 7 


~ 2 Be ; 
(SOF NOt. ! don) 4 


A 


Table 21 Continued..... 


H-MCI -0.000 Continued..... 


68 


69 


MCI 
MCI 


7T4W (2.53)* 
E915 2,416...) 
221 (60.4 at Gk 2 Be ) 
69X (98,3,91,94) 
94S (112,2,103, ) 
IW (108,2,132,1174) 
17U - 


74W (2.53)* 
170,(91,2,118,_) 
52W (2.67)* 

Pere 2025407 21h) 
Beet, 4 120512) 
309U - 

Iw (108, ,132,114) 
17U - 


* unadj. preweaning ADG 


59 
60 
6] 
62 
63 
64 
65 
66 
67 


USX 


00S 


00S 


00S 


00S 


H-OHB -0.024 


oT hee 


XXX1X 


MiMKX 
eg 0 ‘BHO-H _.bsunisaod 060,9= 
on ot sen ee iy Pi wi ny 
ua keu Re < ey, a 
{_ erhemed ca PD) dedicat ' 
. Ma 2O0 0d / { Pe mie 7 por a aa 
Piss Sis f, 19M 
“Mo 200. fa JEOr, %, St ‘ae . 
| art cet nah Mt AgH 
- Mo c uth beh 
i “Wee | 
1 Ma 200. &2 ae ae 
! &(€@, a wor! 19K 
- Ma 200° 49 |) (a1 ee Th 18 ] 
uiXa, ti 2 19K. 
= TOS 200 «ad (Ch Ot. SGaee | 
(SUE S81, SOR Ve 
- TOS 200 93 ROE TAA 
(01880. SOL WE AGH 
- Tos 200 {od : iL Mice 
| vr 
oni neewsrg sidena xe ; , 
ye fi 4 Ws : 


Sirs a : 


“fh 


Table 21 Continued..... 


H-OTH -0.042 


60 SCW 27L 


61 
62 
63 


64 


65 


66 


67 


68 


69 


BUL 


BUL 


19N - 
19N - 


co es 
19N - 


3T (106,2,100, ) 
78P - 
238 - 


78P - 
ST - 


5T - 
78P - 


78P - 
oa = 
43W (96, ,112,105) 


43W (96, ,112,105) 
78P - 
Sn 


oty- 
43w (96,_,112,105) 


59 
60 


61 


62 


63 


64 


65 


66 


67 


VSH 


VSH 
STH 


DGK 39 


1 BO 


VSH 
HAS 
1BO 


UP 
PBV 


UP 
UTY 


VSH 
HDA 


HDA 
AON 
ZA 


68 ABKJ 


69 


DSW 
BKP 


x] 


H=SB6F -=0.009 


rs | 


ISL = 
6N - 


H = 
16P (108,3,97,_) 
47P - 
S7R - 
Pzs > 
16P (108,3,97,_) 


1G - 
2a GM en) 


1G - 
3U - 


13Kis 
86U - 


86U - 
18M - 
36N - 
2 = 


19X - 
2% % 


Table 21 


Continued..... 


008 


f=urs-O% 


62 5° UP 


63 AKO 


64 AKD 


65 PFW 


66 PFW 


67 PFW 


68 UP 


69 XUB 


RW 


15M \* 
tD + 
B13 


Lo¥- 
hh - 


TD. - 
hh - 
219 - 


900 - 
n19.> 
LD-.= 


900.= 
2)9 = 
13v (119,_,115,119) 
26V (106,7,119,118) 


219 - 

900 - 

6W (123, _,129,129) 
13V (119,_,115,119) 


3W (90, ,92,95) 

6W (123, _,129,129) 
13v (119,_,115,119) 
219 > 


ky (_, ,105,96) 
6W (123, _,129,129) 
644 - 


xli 


H-XUB -0.015 


59 


60 


6] 


62 


63 


67 


BNN 
SCW 


AGF 
OEJ 
JRS 
AGF 


AGF 


12e.= 
38) - 


17K - 
74M - 
33K - 
18M - 


18M - 


18M - 
13P- (96,2,102, ) 


ISP (06,2,102,..) 
18M - 
IR - 
135((919, 191103} ) 


1S (101,2,115, _) 
13P(96,2,102, ) 
279193323120 ,0) 

28S - 


13P (96,2,102, ) 
sx (401,2,115, ) 
15u (91,1,89,87) 
16U (88,3,96,93) 
2U (104,1,79,96) 
28S - 


1S (101,2,115,_) 


13P (96,2,102, ) 
L3Vclios idan 20) 
35V (92,2,97,96) 
ASu (109,2,111,111) 
bas 


35V (92,2,97,96) 
SIW (92, _,125,104) 
29V (120,1,110,113) 
13V. (123,1,119,120) 
26W (108, ,112,107) 
iS: (10142395, 9 


cf0,0- BUX-H 


> 7 
ad pa a ec ‘ és ‘i : - 
wat os | ? wi 
7 Mh by wey? i> ; ' ; jis 
aA ‘ H ‘ 
= ' 12? | u J 
- Mey a0) x : 
~ SEE 2AL ' | 
o ats, WA ; | 
; we 
a vi a {3 : ¥ 
~ win Aga’ $2 | 
(-,SOF,S, 88) SEF SUX 
CO] ; : TF | } Fo 
~ Ale t ; ih 
( OP Pet) rot UA ; ; 
spa (err 2th, .2t) VE e ue 


et waar ve ae Qt, 7.801), M8. nas 
ine 


28S Tha : ee 
(ess “est, 
SUX (ens att, FEY VEN 


. i ‘ i 
(<8. 98. | re) wel Bux ABR se. 02). we '¢ 
LP oT 


J 
we 
fu 

Oo 


co. 30,688) Uat aux (PST, G81, Test). wa 4 wv : 
(ee | LOT) US” BUX (eft ati Ge), ms u 
\ _ 1 


} DAA dod | (de 201, 
et SAW (Qt ef i ee . 


(ae .%0, 8. $8) V2E SUK \o y ve 
(sorjasi, ,S@) Wid aux nok 
(Et) Off, “ost) ves Aa 4 
(OST, elt, 1,254) Vel @BxX . oe 
(Tob. She, -H0LY Was BBX’ i) Oe 
( 27S. 0Ot) et | ana a Al 


xlii 


Table 21 Continued..... 


H-XUB -0.015 Continued..... A-BBP -0.019 
68 AAGU 1S (101,2,115, ) S59 BBP 13M - 
AAGU 4R (104,1,97, ) 
XUB 51W (92, ,125,104) 60 BBP 13M - 
RUBY 20X (113,2,113,115) CU 185 - 
XUB 13V (123,1,119,120) 
XUB 35V (92,2,97,96) 61 BBP 13M - 
XUB 69W - 
510 - 62 GVZ 5P - 
69 BKP 29V (120,1,110,113) 63 GVZ 5P - 
XUB 13V (123,1,119,120) 
XUB 35V (92,2,97,96) 64 GVZ 5P - 
510 - 
65 GVZ 5P - 
66 GVZ 5P 


BBP IV (89,3,105,97) 


67. BBP IV, (89,3, 105,97) 
PrOO¢v (105 277290) 


68 BBP 1V (89,3,105,97) 


69 BBP 6Y (89, , , ) 
JSP 35X - 


pidx 7 i 
j 79 rT iat: 
ei@.0- 988A sonnet a — 
ph AB evil my ath, cae J aiid 
~ MEP Ws ee i); ee ‘ * 
a b 4 hited ve Bi 
y. wor, Ne a a ™ ; 


ae ae aac SEN 
Rae BSS 


4 
% 


a | 


Table 21 Continued..... 


A~BC -0.047 A-CCE -0.014 
59 ~=BC 64K - Sn AYA. fr 


BCCI 2Lo = 60 VE 19J - 


60 BC 64K - 61 VE.) Ss = 
BC 24M - Ola VG oer 
61 BC 64K - 63 CKA 8R - 


64 CKA 8R - 
Bde BC. 24M. = 


Dee SG 65 CKA 8R - 
GC a/ ON = 66 CKA 8R - 


63 BIY 3P - 67. CUM 30V (109,1,113,112) 
BBK 19P - 
BC 64K - 68 CUM 30V (109,1,113,112) 
BG .2hRevl 109, ls Il25 .) 
BC 24M - 


64 BBK 19P - 
BC 64K - 

Boa? Roi l09, 1; hl2; 2} 
BC 24M - 
BC 19P - 
Iddes 


65 TW Ae: 
BBK 19P - 
BC 24M - 
BC 4kU (119,1,92,102) 
BC 64K - 


66 771 - 
RB 35U - 
VE 4au (113,2,114,_) 
BC 64K - 
931 - 


67 ) RB 35 - 
AYE 3V - 


HfOL0~ JDIA 


el i LLL LEA AA 


= SS AVA Re >i 


le byt a \ ae i a une 
= Ley iV Od : | “ft t i ea 
¥ bi 
y ro ” 
= Lei 3\ ro ro rn 
_— «% 
Set ay.) ee i 
\ 
ay 
ay 3 AAQ { 
\ - 
4 WL » 
AS AAD oP 


SET ef 20), 


a. 


(1) 


APPENDIX 8 


WEIGHTED REGRESSION ANALYSIS OF ALBERTA ROP BEEF CATTLE PROGRAM 


DEFINITION OF TERMS 


HERD = TATTOO LETTERS OF EACH FERD 


SEX = SEX OF EACH YEAR GROUP 


YEAR = YEAR IN WHICH THE ANIMALS WERE WEANED 
WNUM = NUMBER OF ANIMALS WEANED 
WAVE = ADG TO WEANING FOR EACH GROUP 


AWAVE = ADJUSTED ADG TO WEANING FOR EACH GROUP 


TNUM = NUMBER OF ANIMALS TYPE SCORED 

TAVE = AVERAGE TYPE SCORE FOR EACH GROUP 

FNUM = NUMBER OF ANIMALS ON FEED TEST 

FAVE = ADG ON FEED TEST FOR EACH GROUP 

SNUM = NUMBER OF ANIMALS ON WT/DAY OF AGE TEST 

AWDA = AVERAGE WT/CAY OF AGE FOR EACH GROUP 

WEAN = REGRESSION COEFFICIENT OF ADG TO WEANING ON YEARS 
TYPE = REGRESSION CCEFFICIENT CF FINAL TYPE SCCRE ON YEARS 
FEED = REGRESSION COEFFICIENT CF ADG ON FEED ON YEARS 


WTAGE = REGRESSION COEFFICIENT OF FINAL WT/AGE ON YEARS 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE TNUM FAVE SNUM AWDA 


AAIN -M 62 ll 2.24 2.25 9 2.56 ON 2629 9 2446 
AAIN »M 63 bo (-2alS ~ 2e20 9a 2486 ~ 34 fee o te esse 
AAIN M 64 A&. 2eO3. 2.80 18 3.00 18. 2.55. 18 2ea2 
AAIN ™M 65 es 258 4.65 2@ 2:86 26 2639 28 2606 
AAIN ™M 66 29 41.55 8.66 26 2.92 24 2.40 2% £458 
WEAN = -0.203 TYPE = -0.054 FEED = 0.141 WTAGE = -0.100 
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AAIN F 63 RBS. 1.85. 2.8% 35. 2.60 359  J.88 35 2054 
AAIN F 64 24 2679 #%41-86 24: 3666 26 1690 26 1654 
AAIN F 65 22.1655 1.66 22 GwO@S4 88 8.58 86 Tess 
AAIN F 66 27.11.47 .€.687.. 28. 8<00...2%...1.0%: 82% 1.32 
WEAN = -O0O.117 TYPE = -0.097 FEED = -0.023 WTAGE = -0.107 
AET M 59 10 2.37 0.0 ae Ph. St Flom PF: Cneniniadiahins 
AET M 60 6 2.36 0.0 3 3.400 > 2.92 3 2436 
AET M 61 S$ 2585 0.0 2 3-00 24 Get% 2 2.30 
AET M 62 9. 2455, 020 5 3.00 5 1.69 5 2.36 
AET M 63 9 2669- @s85 5 2ea0 > 8.88 = £ene 
AET M 54 9 23% 2-486 T 2043 7 #%1.69 7 2.01 
AET M 65 9 2216 2.425 6 #282 6 1-492 6 2.408 
AET M 66 ZL 26382 2242 6 2e17 6 1.70 6 2.05 
AET M 67 9 2-35 2.48 0 0.0 6 1.69 6 2.12 
AET M 68 10 2.39 Q.90 0 9.0 10. D.72..50. 2.39 
AET M 69 11 2-59 0.0 0 O.0 22. B39@E ti-cz266 
WEAN = 0.006 TYPE = 0.181 FEED = 0.010 WTAGE = 0.019 
AET F 59 8 2.03 0.0 6 2.267 6 1.07 6 1.78 
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AET F 61 12 2.15 0.0 5 2.60 5 1.20 oS. £635 
AET F 62 9 2.15 0.0 5 3.00 5 ts 5 1.96 
AET F 63 8 2699 224 7 %1.86 t 2.89 ? 14.83 
AET F 64 10° .1578..1.84 4 1.75 4 1.16 4 1.67 
AET F 65 8 218 2.21 S et S$ 2a? 8 1.85 
AET F 66 #2 2.88 28.21 T 1.86 7 %41.12 qt 1et¥ 
AET F 67 8 1.94 2.03 9 0.0 S 2438 5. 1488 
AET F 68 15 2.04 0.0 0 0.0 10 1.54 10 2.00 
AET F 69 14 2.10 0.0 0 0.0 10 1.47 10 2.02 
WEAN = -0.004 TYPE = 0.173 FEED = 0.038 WTAGE = 0.015 
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APPENDIX 


a eS Te Pa 
8 1.92 0.0 
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en... 2e8% . O40 
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2 1.86 2.090 
AL. _2e86.. 2.95 
36 1289 1.94 
59 1.80 1.86 
49 1.71 0.0 
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58 1-62 1.68 
62 1.48 1.54 
50 1.54 0.0 
50 1.89 0.0 
TYPE = 0.020 
29 1.84 0-0 
40 1.77 1.84 
69 1-73 0-83 
54 1.42 1.51 
66 1436 1.42 
1 4693 b-93 
TYPE = -0.097 
34 1.252 90.0 
45 1.60 1.67 
38 1.53 . 2.63 
69 1.34 1.43 
83.1633. 1.41 
4 1.43 1.44 
TYPE = -0.163 


B--~CONTINUED 


8 


FEED 


3.00 8 
333 6 
2057 14 
Lame 25 
2-50 18 
3.00 2 
2260 35 
2256 36 
0.0 48 
0.0 48 
0.0 48 
= -0.092 
2e38 15 
2e8k.. 28 
2e02..39 
Zeae. 23 
2062 45 
eS eT 
0.0 58 
0.0 49 
0.0 50 
= 0.004 
2-67 24 
even 2£8 
3-00 63° 
2-86 50 
2.88 56 
0.0 1 
= 0.003 
2.67 33 
2.25 44 
2.82 38 
2.98 64 
3.05 81 
0.0 4 
= -0.076 


2251 
2.51 
222? 
1.88 
1.88 
2228 
1.66 
1.99 
L.¥3 
1.33 
1.51 
WTAGE 


0.83 
0.77 
0.82 
0-56 
0.67 
1.30 
1.15 
0.76 
0.56 
WTAGE 


1.79 
1.82 
0.94 
1.27 
1.73 
2-61 
WTAGE 


0.74 
0.50 
0.45 
0.19 
0.29 
1.89 
WTAGE 


AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


8B 2.30 

6 2.39 
14 2.25 
23... 22%0 
18 2.15 

2 2-208 
25. Fai® 
3661.93 
48 1.80 
48 1.74 
48 2.01 
= -0.043 
15 1.45 
27 1-44 
19 1.54 
om Rane 
45 1.stS 
i oe rT 
58 1.34 
49 1.38 
50 1.44 
= -0.003 
24 2.02 
28 1.78 
63 1.35 
50 1.34 
56 1.54 

L 2ebi 
= -0.099 
33 1.58 
44 1.11 
38 1.03 
64 0.83 
81... 0.85 

4 1.59 
= -0.136 


— - 


~ 


oa nena te bets ae ne de dees ng on nuite he tne saa np ne Rains hs he RNES REARS GREASE Rane me AO ete DELO IE PH OTE OO: 


IVAW MUVW SARY X72 O93H 


5 Be : 5 ee “ yA 
cost 86 Oa ¥ L aA 
T8.J i ie M LAA 
10,8 €S.. Sa MoS. 
oO.c FA v, LAA 
oJ S$ pa v L . A 


Rot et SS LAA 
Rel me To MM USA 

ALL Oe OA AEE cistctcaaa 
FOS “$2 °3 0 |60MlCU RA 
= 39¥T [00.0- = WAaW 


re | é - 9a 4 LAA 

A y {d 4 LAA 

ak. .0S 8 I ie ee 
Ca] ES o 4 LAA 

ae | 3 * ao 3 LS an 


BA. l Sa vA q a 
pc, | ars BS 3 LSA 
O84: UCR... xa carom | a 

= “YT $00.0 = VASW 


eeeese cece cnceccente teaser es suns cere rece tn eee 


> 
H 
— 
H 
ru 
it 
; 
o 7 
Li wa 


eciewenaninpesd abd tetinteanimoduntcianoatnha te ta anteerd te Atat ip tha te a tEt ATED ONE ROe AETOTD en OR eR ea ee ee Lao ee 


(4) 


APPENDIX B--CONTINUED 
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TYPE = 
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14 1.78 

6. 2409 
16 1.85 
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APPENDIX 8--CONTINUED 


KERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


See. GR 146. 2.83 0.0. 38 2.25 14 2.08 2 2.353 
STE 8 63 30 2.26 2.81.16 2.584 23 28.53 28 4.88 
OWE RA 64. 24 2.80 2.D8 18 2.88 22 8254 22 2.62 
SRG. M69. 25 2.0%. 2.82 18. 2.88. 18 184 18. 2.95 
BVZ M 66 32 1.93 1.99 20 1.90 20 1.65 20 1.88 
BV fh 6% 26 1.83 2.95 @ @.05 I8 2¥.84 1§ 1.07 
BYZ M4 68 32 2.13 0.0 0. 9.00. 20. 2.09 2h 2,39 
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WEAN = 0.007 TYPE = 0.138 FEED = 0.021 WTAGE = 0.030 
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APPENDIX B--CONTINUED 


RERD SEX YEAR WNUM WAVE AWAVE TNUM 


DEE 
WEAN = 


DEE 
DEE 
DEE 
DEE 
DEE 
DEE 
DEE 
DEE 
DEE 
DEE 
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DSF 
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2209 
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Z2ett 


= -0. 


1.79 
1.81 
1.85 
1.86 
1.72 
1.70 
1.64 
1.81 
1.97 
1.95 
1.99 


= -0. 


1.82 
1.98 
2.09 
1.89 
1.88 
2-00 
1.74 
1.89 
oe 
2219 
1.90 
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1.96 
1.66 
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1.58 
1.72 
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275 4 
2289 9 
2.57 7 
2286 7 
2280 5 
2225 8 
2.90 10 
2280 20 
BvD, ORT 
0.0 13 
0.0 21 
> 0.000 
2-50 4 
2-57 14 
2-67 12 
2-54 13 
Zens 53 
20h. i115 
2658 If9 
2264 11 
0.0 14 
0.0 14 
0.0 3 
= -0.027 
2-50 8 
2256 16 
2-38 13 
2235 20 
2.29.. 14 
2eG1. Tt 
2-64 25 
rh a S 
0.0 19 
0.0 24 
0.0 30 
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2e?tl 14 
2eS2: ee 
re AD 
2-63 Ii9 
2046 28 
2250..34% 
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1.41 
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¥.58 
1.51 
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APPENDIX B--CONTINUED 


WNUM WAVE AWAVE 


14 1.92 0.0 
16 1.81 0.0 
19 2222 2.34 
AY. 2a8d 2488 
52 2.00 2.08 
36 1.89 1.94 
26 sth 0.0 
TYPE = -0.029 
20 1.83. 0.0 
tS 6£065) |= eG 
26 2220 2.33 
y) Te SS. y ee Ohl 
19 «61689 )~—| 64685 
28 1-63 1.70 
25 1.60 0.0 
TYPE = -0.007 
8 2.212 .2.14 
20 1-99 2.03 
20 £4.97 2.02 
26... 2e02. 2406 
22 e886 92 
24 2.04 0.0 
TYPE = -0.064 
i9 1.682 1.86 
10 1.94 1.97 
21 1-81 1.84 
1% #1675 €662 
19. 2678. Be 3 
27 1-77 O.0 
TYPE = 0.033 


TNUM 


TAVE FNUM FAVE SNUM AWDA 


re * Ti © | 
2-60 10 
2250 10 
2.79 14 
2-75 40 
0.0 19 
0.0 14 
= 0.046 
2260... 20 
2-58 12 
2.68 19 
2-70 10 
2250 6 
9.0 20 
0.0 0 
= -0.C07 
2-50 8 
2010 20 
2-65 17 
2eft 26 
0.0 22 
0.0 20 
= 0.051 
2263 19 
2.20 10 
2235 20 
#603 i¢ 
0.0 19 
9.0 24 
= -0.010 
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1.63 
1.87 
1.17 
1.657 
2.03 
1.83 
WTAGE 


0.70 
1.20 
1.22 
0.99 
1.04 
0.82 
0.0 
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1.94 
1.74 
1.84 
2209 
2-08 
WTAGE 


1.43 
1.36 
1.52 
1.44 
1.40 
1.38 
WTAGE 


SR eB 
10 1.98 
iG 2667 
14 1.68 
40 1.79 
19 1.98 
14 1.99 
= -0.007 
20 1.47 
12 1.62 
9 1666 
10 1.46 
6 1.40 
20 e235 
0 0.0 
= -0.037 
8 2-00 
20 1.97 
17 #1289 
26 1-94 
22 14.96 
20 2225 
= 0.046 
i9 1.63 
10 1.69 
20. £480 
17 1.61 
13... 14662 
24 1.80 
= 0.021 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE 


FSI M 62 
FSI M 63 
FSI M 64 
FSI M 65 
FSI M 66 
FSI MM 67 
FSI M 68 
FSI ™M 69 
WEAN = -0.024 
Est F 62 
BSt-F 63 
FSI F 64 
BSf F 65 
BSi F 66 
FSI F 67 
FSI FF 68 
FSI F 69 
WEAN = 0.000 
GDT Mm 59 
GDT M 60 
cow Mm 6% 
GDT M 62 
ent. M63 
GDT M 64 
6DT ™M 65 
GDT M 66 
soe A 67 
GODT ™M 68 
GDT ™M 69 
WEAN = -0.027 
GDT F 59 
SOt F 60 
GOT F 6! 
GOT! <F-.62 
Goan «Ff *.63 
GODT F 64 
601. F. 65 
GDT F 66 
cy nn an | 
an 
“or #F #69 
WEAN = -0.011 


11 1.94 
9 1.96 
14 1.69 
if. i462 
18 1.68 
23 1.80 
24 1.90 
25 1462 
TYPE = 
14 1.64 
6 1447 
16 1.60 
20 1-458 
16 1.68 
29PClet2 
33 «61262 
TYPE = 
14 2.17 
22 4 inte 
li 2.8% 
190 61.84 
38. 1a tS 
21 1.86 
33P¢1854 
32. 1441 
& 1.39 
26 =616TT 
30 1.78 
TYPE = 
12 1-70 
14 1.58 
22 1.60 
15 1.63 
25 1.66 
26 1.272 
33. 1.47 
38 1443 
34 14240 
yt. aes OP - ¥. 
26 1.70 
TYPE = 


AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 
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2-03 
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1.63 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


GUR M 63 25.2.40 b.96 26.2,.99 22 3.68.22. 3.78 
GUR M 64 33 2.93 2.98 3Y 2efk 3 9.46 3F 1.42 
GUR M 65 28 1-273 1.8C 9 90.0 28 2433 28 1.96 
GUR M 66 22 32802 1.85 19 32.39 19 1.89 19 1.80 
GUR M 67 32 1.282 1.88 0 0.0 29 2041 29 2.07 
GUR M 68 30 2.02 0.0 09 90.0 27 24644 27 2.442 
GUR M 69 62 1.83 0.0 0 0.0 48 2-16 48 2.18 
WEAN = -0.002 TYPE = 0.010 FEED = 0-178 WTAGE = 0.117 
GUR f 63 30... 1.29... 8.83 2%. @.88. 28... 1.683.293. 3.58 
GUR F 64 32 1-79 4.86 28 2.46 28 0.46 286 f.27 
GUR F 65 45 1.63 1.67 0 0.0 42 143562 42 91.63 
GUR F 66 40 6 G6 1 GD ee ee ee eee 
GUR F 67 43 1.66 1.71 0 9.9 Se. tage. 42: See 
GUR F 68 560 i.%2 0.0 0 90.0 45 1678 45 1395 
GUR FE 69 69 1.67 90.0 0 0.0 a3... 1<8%4...397.. 1599 
WEAN = -0.013 TYPE = -0.064 FEED = 0.171 WTAGE = 0.104 
HDA M 61 490. .1.99. 9.0 23..2.43... 24 1.89.29 2,49 
HDA M 62 45 2.04 0.0 27 2225 27 2:02 27 2.84 
HDA M 63 13 2.04 2.07% 12) 2.88 ib 2:05 if 2.05 
HDA M 64 3... 1.33. 1.84 2 2.250 2 1-74 2 1.8% 
HDA M 65 18 1.96 2.01 14 2.14 18 2.01 18 1.98 
HDA M 66 4 1.83. 8.90 4 2.225 4 1.93 4 1.87 
HDA M 67 6 1-86 1.96 0 0-9 6 1.86 6 1.86 
KDA M 69 41 1.88 0.0 0 90.0 oT - ieee 2f. fans 
WEAN = -0.019 TYPE = 0.035 FEED = -0.002 WTAGE = -0.013 
HDA F 61 40 1-82 90.0 14 1.86 14 1.10 14 1.68 
HDA F 62 39 1.77 0.0 39 2.54 39 1.835 39 13.68 
HDA F 63 18° 1.80. 1,83 34. 2.00 314 1,38 24 3260 
HDA F 64 2 2el1ll 2.420 2 2.00 @ 186 2 1.88 
HDA F 65 16 2078 12-86 -21% 2086 24 15355 28 1599 
HOA F 66 8 1.87% 1.94 4 2.00 4 1.54 4 1.64 
HDA F 67 8 1.71 1-76 0 0.0 6 1.54 6 1.57 
HDA F 69 33. 1.77 0.0 0 0.90 29 te28 29 7S 


WEAN = -0.005 TYPE = 0.001 FEED 0.025 WTAGE = 0.007 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


Pet M89. 6. 2.8% 6.0 18 3.97 18 2.84.18 S595 
TAY M 60 18 2.13 0.0 17 3.06 17 1.88 17 2.22 
inh, i ae ee oa es oe ee) ae Mee) ee 
PAY... M62 19 43.97. 2.05 18.3566 18 £425 18 1.187 
TAY M 63 9 4.99 2610 2% 2.89 29 1156 79 1476 
mY MM 64 #%$£5 1680 2.86 14 2564.15 2.08 15 -1493 
i a | a ey ee ee Pe. ee eee ee ee 
mY BM 66 15 2602 2:07 18 2646 15 2330 15 2694 
int a ae ae ee ee oo ee ee) ae ee ee Pa 
IAY M 68 11 1.85 0.0 0.0.0 16. is9% 16 2:08 
IAY ™ 69 9 1.82 0.0 0 0.0 § 2040 9 28326 
WEAN = -0.049 TYPE = 0.104 FEED = 0.098 WTAGE = 0.002 
wey 0 FOSS 12 22685 «2606 «612 «62098 «618 «(eke 62) «8297 
PAY F 60 13 1699 0650 13 2:69 19 14532 13 i288 
er. OR TB ie 050 2%. 246%. 2%... 2029 7. Taee 
WAY OO FOUCC6A) SCO18 «21690 2695 16 2569 16 i889 £6 1677 
my Ff «63)6«6T9 «686TH «6267% 16 «2639. 18 2e2% TE 1554 
UG 68 8S PR AD 22 9045 23 9094 92 12 h7 
TAY F 65 18 1648 1.655 17 2.53 17 1.83 17 1.64 
oaY € 66 15 1678 P79 14 2650 18 1266 19 £286 
ON. FOR. 2d e586 0664 0. OG 20 et 20 1288 
IAY F 68 14 1.88 0.0 0 0.0 14 1.436 14 1.84 
TAY F 69 16 1.73 0.0 0 0.0 16 1.97 16 2.01 
WEAN = -0.037 TYPE = 0.015 FEED = 0.065 WTAGE = 0.001 
IBC M 59 32 1688 0.0 29 2.65 29 2.08 29 2.17 
PSG. M 60 25 2400 G60 24 2678 24 2c2P 24 2436 
Sa ae ee) ee ee eee ee, ee ee ee 2 ee 
Md oo 46620 «636 COLT «06109 654 «22066 «852 2208 32 2206 
mid. W463. 26 VedS Be9l 24. 2495. 24 2286 24 2287 
"6d MN 64 32 1649 2687 22 2.00 29 1694 23 8269 
Mid) 8 66S). 39° «BVTE 8080 20) 25448 OG Bate BE EePt 
mid @ 66. 37 1088. £1694 32 De®e JP 1.694 32 t493 
m6 6m 42 8.92 0.98 6 O60 3f EsTS SF F596 
1B0 M 68 «33 41.98 0.0 6 6.6 <3 te7¥6 FE 2296 
IBO.-M 69 45 1490 0.0 G2 0,0.0.033 . Jape 23-Copae 
WEAN = 0.008 TYPE = 0.116 FEED = -0.016 WTAGE = -0.010 
wd o£ Sd 9 1.680 0.0 19. 246..19 1229 19 B76 
IBO F 60 25 179 0.0 kA 2625 S DAE €S 1280 
“ad 6 #«+36F 2s OE OO) «6A URefK 2 62S PA bees 
=a ¢€ 4s 4f. Set fete. 2659. Ph Bele Pe Bags 
“i. € 6h 36 L064 1669 SY 2-42 32 BsEH 32 Le4s 
—a £ 65 %@W held 1674 WW Fetd BF 1409 29 Faas 
me £66 4h. BoBP. 1262. 36. f8R: 90. BePS._ BT Bee 
ea a) i eee a) ee Ss Sc ef 
fo fF 68 39 679 0.0 0 0.0 35 1.02 35 1.66 
ide .69.... $2)... Lot T.0'20 0. 0.0... 36 14642. 36 1482 

119 FEED = 0.003 WTAGE = 0.011 


WEAN = 0.005 TYPE = O- 


A ai f ’ - a ‘ ; IAT V Al a iA | Ay “Oh ay '¥ 42 anay ] 
IT © ae 7 ' tv ¢ ie | : : ee, eet O7 M } A : | 
ss‘ vi Bel ii e| i 660. bes : 6 ™ YAT 
apt $i feed) Tl -8De€ “Ul 2000 CgPOk. Ol "Ga th ae | 
AB8-S : Stal BL BO.e 8). . 208) JOsd. Ot... 2... 0... SER. | 
Yel sc. ! : e Of. ee. e a) M YA! 
EP .f I ° ft | Pa. mI s8.] O8./! es od M YAT 
a : j 7 H -< c c - | a co f et i v fA ( } 
Fes [ E. 23 OP. Pf 6FOeS SBORS ea a0 M ‘YAT | 
- ; \.' si - { TT! OF «2 of va v YAI | 
O.% Le Vat VO 2. ee: oon eee ee EE 
‘ « LD. ‘ - ( eV cs.i ° Pe M YAl 
’ = : ] : of 3 ; POL. =, 3987 P80 .( = & YAAW iT 
Tes! : a | J Oe.S ae | 20 Giese SI ee 9 VAI 
of j Ee] ; Cae! EI 106 COct Ei 0a 7 . Peat | 
are | {. ef.) hl ve.8 Si. ae ee re ES =e eS. = 
wT oi Piel al C es on 104s 0°. BI Soa 4 VAT 
mat Bf Sake -¢ 6% Shed ovat: ae 78 see | 
- r - A € ¢ C . 3 i oe Cc J o = 5 = a 
ei a . j j f f ~ , : Cc ~ f he — I B - ; 3 4 VAI | 
sa. f : Goel s | oS sf PT. ! oN sie el aa 3 YAT 
Seer OS. Cie i. OS. eee A 20.1... Bee. SA: Ane —— i | a 
o! sE a I | sO O=0 SRef ef Bd 4 YAT 
[O.§ . hie I au. 4 0.0. Tsk - es ed 4 YAT : 
foo. ATW 0 aC 12. PIO.0 = RSYT £0.0- = Wb 1 
TL. : Ce S 0.0 @8.!I &' ee M 34] . 
Es. Bo.’ a at = oe eS. O80 AG6 ( be S.. aa ck. a i) eee. eet 8 aici Eros aS nb de : | 
7% -¢ 26S ws 0 S¥eh 46. 20 * SOO 
as SE 106! aes Ce. ee 
, 2 : ‘ ; - Ps) C f P 
Ts . : , - * 4 . ¢ 4 ; c R { "4 
ve : Ss.5 TS O8sf oF : 
P@ek. AE 8Os1. Tf. vet Cet BB = | 
. : : : * ; ; : : — [ S e . 7 
i.‘ : v. (f ; C 0 6€ 
™ € - a c ¢ : 
[0.0- = JOA sf ef 339 bp = 
Tel.6l .Oc.h. £1 A8.8 81 020 ij 
7 2 TT oe as.S @ 0.0 
del si Sak S32 Tonk RI 9 | 
act. 85 ee) eee 9 
eo. ] es At. ] cf Ca, re Cds y | 
. >> f . ?0, Ps f = S ¢ c 


7 ¢ t 
‘ oO ol 
‘ er id 
aVet 

~ cy - 


. 
ton 
~ 
4 
ran) 

4 


74YT naw 


TH : 


200.0 = 


& 


(12) 


APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


JNT M 59 16 2.96 0.0 1h 2.42 .1% ASH 1m 2.48 
INT M 60 13 2A4P. @.8 1Z 2.00 14 230: 13% 2 ts 
JNT M61 15 2.22 Q.0 > 269% 1% 2.32% 12 2.56 
JNT M 62 1& 225) Onl ik. 2.3% 18 BAe 18. 2.50 
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INT M 67 a2 2.28 2.43 °S Que 4 2.26 84% 2.26 
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APPENDIX B--CONTINUED 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


O18 i842 16 2.76 D.8) 16. 3.06..14 2.56 16. }.89 
Gon fF 62 32 FF. D.88 36 2.843 36 2.04 36 .94 
oun 6 6hCUGKCOAS COELOW. LG? «623s 2.83 23 «2488 23 2.00 
Gee. ..8. 62% . 29. f.@6 8.89 23 2.827: 23 2.94 23. p.ae 
OTH M 66 25 1.61 1.668 25 2.80 25 1.57 25 1.59 
Gee 8 Gt i432 428.28 2.34 10 G.@5 29 E88 29 4.22 
OTH M 68 35 1.71 0.0 0.0.03 24  b.32 26. 2.90 
OTH M 69 19 1.65 0.0 G 0.0 19 3B.67 16 0.85 
WEAN = -0.037 TYPE = 0.081 FEED = -0.076 WTAGE = -0.042 
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WEAN = 0.028 TYPE = 0.206 FEED = -0-019 WTAGE = -0.002 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE 


SBF M 59 
SBF M 60 
SBF M 61 
SBF M 62 
SBF M 63 
SBF M 64 
SBF M 65 
SBF M 66 
SBF M 67 
SBF M 68 
SBF M 69 
WEAN = 90.030 
SBF F 59 
SBF F 60 
SBF F 61 
SBF F 62 
SBF 63 
SBF F 64 
SBF F 65 
SBF F 66 
SBF F 67 
SBF F 68 
SBF F 69 
WEAN = 0.022 
UP M 62 
UP M 63 
UP M 64 
UP M 65 
UP M 66 
UP M 67 
UP M 68 
UP M 69 
WEAN = —-0.059 
UP F 62 
UP F 63 
uP F 64 
UP F 65 
uP F 66 
UP F 67 
UP F 68 
UP F 69 
WEAN = -0.053 


4.2.8 
S 2.30 
15 2.20 
13. 2.24 
22 2.24 
15 2.28 
6 2.07 
7 2.39 
11 2.40 
17 2.54 
14 2.31 
TYPE = 
14 1.93 
18 2.03 
11 1.90 
12 2.00 
10 2.08 
9 1.91 
17 1.94 
7 2.04 
16 2.05 
14 2.19 
IOPE2 62} 
TYPE = 
24 2.13 
16 2.23 
22 1.94 
14 2.24 
26 2.05 
38 1.64 
36 1.85 
45 1281 
TYPE = 
14 1.90 
27 2.02 
20 1.88 
25 2.01 
43 1M 
28 1.62 
32 Ball 
34 1.68 
TYPE = 


AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 
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NS me DS LD 


0.0 


0.126 


0.0 
2-07 
1.91 
2-05 
1.89 
1.66 
0.0 
0.0 


-0.001 


9 


0 
FEED 


2-89 9 
240 5 
ee6i 23 
ae82..4% 
2080 - 4% 
1.85 3 
2233 6 
0.0 0 
0.0 9 
0.0 0 
0.0 9 
= -0.032 
2-08 13 
ee83. 2% 
£4.90 ...22 
[.82 2 
2222 9 
2200 8 
2-19 16 
1.57 6 
0.0 16 
0.0 0 
0.0 13 
= -0.041 
2ePD 28 
2644 16 
2.14 22 
2-43 14 
Bet2. 2S 
0.9 38 
0.0 32 
0.0 40 
= -0.015 
2-50 14 
Ze59 27 
1.95 20 
Z2e39 23 
2-53 36 
0.0 27 
0.9 3y 
0.0 34 
= 0.049 


2250 
2207 
2.15 
1.91 
2212 


1.72 
WTAGE 


1.29 
1.18 
1.47 
12653 
1.04 
1.41 
Lead 
1.82 
WTAGE 


2246 
2240 


1.92 
0.014 
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B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 
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48 2.34 
24 2440 
TYPE = 
17 2.434 
24 22% 
25. 2019 
23. 2403 
a3 6k BE 
30 1.61 
24 1-91 
34 2.01 
30 2.01 
44 1.98 
TYPE = 
11 2.990 
16 2.18 
22 1-496 
16 2-30 
18 1.91 
18 1.77 
29 1.88 
22 1.88 
16 2212 
45 1.990 
TYPE = 
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23 1-76 
13 1.88 
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2.31 
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1.39 
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1.29 
1.36 
re x 
1.51 
1.45 
1.66 
1.41 
WTAGE 


1.41 
WTAGE 


7. wa0t 
21 2.69 
IS 2,58 
19 2.262 
18 2.36 
if 2436 
22. 2203 
34 2.33 
26 2447 
38 2252 
18 2.66 
= -0.015 
86 62.18 
24 2.06 
23 2:92 
235 %.48 
25 1.68 
320 1.68 
24 1.73 
34 1293 
28 2.04 
34 1.93 
= -0.013 
10 2.06 

2 2220 
16 2222 

0 0.0 
or 2eGe 

0 0.0 
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15.0224 
S22 £@«i15 
= 0.005 

9 1,%#5 
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14 1.63 

5S 8.62 
27 1.389 
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4 1.80 
44 1.81 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


BBP MM 59 7 1.94 0.0 2... 3006. .9  BsdB 27 Bi bd 
BBP M 60 9 2.15 0.0 9 2:56 16 268% 39 2196 
BBP ™M 61 5 2.14 0.0 S 2040 %5 1667 35 2:99 
BBP M 62 8 2.05 0.0 . 2683, 09 3088.29 2093 
See 8 «866306 2D 202689 «22640 «21F «62kad ND AS FP 1897 
Soe 8 64 #=#$(%10 £.99 3.97 1@ 2.38 16 24964 06 2:96 
BBP M 65 B 2.88 2,21 16. 2420 37. 3.89 37 2,68 
BBP M 66 6 £696 2.01 16 3599 86 1:89 16 £294 
BBP M 67 § 1604 1899 1985 G.0 6 £505 328 1452 
BBP M 68 5 1.94 0.0 0 0.0 S 208i. 18. 3532 
BBP M 69 6 2.20 0.0 60 9.0 B IPFe =6-02PTS 
WEAN = -0.003 TYPE = 0.094 FEED = -0.010 WTAGE = -0.019 
sof F 60 ~26 2686 0.6 223 2089 28 be7e 26 2216 
O8e F 60 18 2636 0.0 18 22% 18 2285 18 2257 
BBP FOOL 5 2.14 0.0 5 2.46 § is8% 5  22f8 
BBP F 62 45 2.05 0.0 29 2648 29 2624 29 2.430 
BBP F 63 # £679 1666 16 2050  Ge8F 18 12598 
BBP OF) 64 «610 «1662 14666 10 2620 10 14629 10 1.448 
BBP F 65 % 2663 1.69 %% 2.98 T9 6297 49. 4436 
Se F 66 lb 1473 POTS 18 D.9r 28 8649 TS £262 
BBP F 67 % 2.64. Pet0., CO. Geb t 1646 17.1456 
BBP F 69 5 1.486 0.0 0 0.0 5 1.34 5 1.82 
WEAN = -0.067 TYPE = 0.053 FEED = -0.080 WTAGE = -0.087 
BC M SO 26 2-96 O60 22 2659 26 £674 2F 2eff 
BC % 60 8 2636 O60 WD ZA? HW 2663 FP 20959 
BC * 62. 48 2.09 660 26. 2e48.. 29 2024. 29. Jet 
BC i GS 3 23h 2.28 4 £129 BM BOT 2H 4086 
BC w Gh BF 16.88 ESD 3b 269 F6 BOF BP FeH7 
BC 65 28 699 0699 64. 2629 64 29h 64 2a5G 
BC Mw 66 =%J2S LeG 2.99 26. FeO. 26 Deh 26 Ls93 
BC * 6 Te 29D 20f- 2 P50 BP ST PP Bt 
WEAN = -0.042 TYPE = 0.004 FEED = 0.007 WTAGE = -0.047 
BC F 0.603 50°92 s840.010 "480 2.46-4F PIPTE 41 DeTO 
BC OY Sa es I ee ee ee ee PT ee 
BC — 62. 2 LeS® OO 20 2600 28 Be23 Jt v6t 
BC & 43 40 L.Sd D9 I ZeL4 FH B35 FF Vet 
BC Se 64 39 1.82 92 20 2.54 28 V6 28 1647 
BC f& 65 @ 1.95 299 © G0 0 0.0 0 0.0 

BC - 66 SL 1.87 L.9P 50 2.66 SO Del? sO fis 
BC © 6% 22 WeTB.. Neth 0) O22 20. Node 20 155 


WEAN = -0.001 TYPE = -0.072 FEED 0.013 WTAGE = -0.019 
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APPENDIX 


B--CONT INUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


WEAN = 


CCE 
CCE 
GCE 
CCE 
CCE 
CCE 
CCE 
CCE 
CCE 
CCE 
WEAN = 


CMA 
CMA 
CMA 
CMA 
CMA 
CMA 
CMA 
CMA 
CMA 
CMA 
CMA 
WEAN = 


CMA 
CMA 
CMA 
CMA 
CMA 
CMA 


<< -  < -  - - Aan AAT TA 7 


aAnaAnaAaAAH TAT 


0.010 


59 
60 


0.056 


69 
0.013 


59 
60 
61 
62 
63 
64 


1.74 0 
1.64 0 
2-01 0 
1.92 0 

1 
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* @ 6 6 


e ee 6 @ 
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0.172 


~@e@ © 6 © 6 


OOoOFMK KOK OOOO 
s 
Woon wwnoewo°ooo 


363 g 
2-92 12 
2-50 14 
2.88 9 
2-46 13 
2.19 6G 
2x26 PF 
2-36 14 
2.49 .222 
0.0 11 
= 0.005 
3-57 14 
2.00 3 
2.50 6 
2-00 9 
0.0 0 
2-17 18 
2422. 022 
2.00 14 
0.0 14 
0.0 14 
= 0.035 
2052 6% 
2234 65 
2249 43 
2-59 60 
2-50 38 
2.59 56 
2-48 62 
0.0 0 
0.0 | 
0.0 418 
0.0 57 
= 0.002 
2024 
2.37 75 
2el2 42 
2034 83 
2252 60 
2242 39 
2.13, 099 
0.0 0 
0.0 66 
0.9 90 
0.0 89 
= 0.001 


1.61 
1.73 
1.66 
1.72 
2-07 
2.02 
2204 
2.05 
1.82 
1.61 
WTAGE 


1.00 
1.72 
1.04 
1.08 
9.0 
1.28 
1.40 
1.28 
1.49 
1.24% 
WTAGE 


1.77 
1.52 
1.56 
1.51 
1.40 
1.62 
1.80 
0.0 
1.97 
1.35 
1.71 
WTAGE 


1.30 
1.17 
1.29 
1.12 
1.15 
1.12 
1.35 
0.0 
1.62 
0.93 
1.28 
WTAGE 


8 1.86 
2 4.85 
14 2.03 

9 2.00 
h3) 1.938 
16 2.09 
11 2202 
14 2.07 

322 “1686 
I Rr Ps S| 
= -0.014 
14 1.44 

3 1.75 

6 1.49 

2.1.65 

0 0.0 
18 1.63 
22 1-56 
14 1.60 
14 1.75 
11 1.85 
63 3,990 
65 1.84 
43 1.84 
60 1.84 
38 1.72 
56 1.81 
62 1-81 

0 0.0 
53 1.85 
75 1.88 
57 dT 
= 0.005 
7i 1,59 
75 1,60 
42 1,59 
83 1.57 
60 1.48 
39 1.47 
79 1254 

0 60.90 
66... tain 
70: 3.59 
89 1.70 
= 0.006 
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APPENDIX B--CONTINUED 


HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM FAVE SNUM AWDA 


VN M 61 14 1.9) 0.0 } Ae Ga, PS i eee es «es Oy ee? es. 
VN M 62 Gin 2<6T7 > i273 Sv eee 5) (weed 5 1.54 
VN M 63 lot, 6.60)°82.65 12 3.00 12 1639.12 1553 
VN M 64 cS ae Sn ) See ese 2 - Seas} me ew dt Pia |? Mie PY. 3 TPR ah 
VN M 65 idppinyex 23.80 11. 2.54 -11 1.662 121. left 
VN M 66 14 1.84 1.92 9  2644.. 11, 1.98 42 ies 
VN M 67 bs Fee ee ke BP 0 O.0 24. AeDt . 24 . 1e82 
VN M 68 Sisi ids SQyA0e0 0 0.0 SD. 1450 ° 3G: 2.86 
VN M 69 260" 1,724 +'0-0 0 0.0 25 iwis: £254 Jaen 
WEAN = 0.020 TYPE = Q.132 FEED = 0.054 WTAGE = 0.055 
VN e 61 13 1.79 O.0 8 2.88 8 0.26 8 1s27 
VN F 62 bdcnd.471 41549 1 TTL eeS 2a Bal noees AL teal tf 
VN y &3 tSo0i.57° 1.60 13 2608 -i8 SeeG- 1% 4a ce 
VN F 64 17, 1.34" 1.38 3¥EB%00 5" 10.51 a hears 
VN F 65 #2 EA} dae ef 0 0.0 0 0.0 0 0.0 

VN F 66 23. 1-46 1.51 0 90Q.0 0 0.0 C 0.0 

VN 4 67 20 1-40 1.45 0 60.0 0 60.0 0 0.0 

VN F 68 23 1-54 9.0 0 0.0 0 0.0 0 90.0 

VN F 69 19 61.51 0.0 0 0.0 49) ewe S12 * Senn 
WEAN = -0.015 TYPE = -0.153 FEED = 0.123 WTAGE = 0.054 


LAST HERD WRANGLED 


— 
rt = 
a 

CS 

-~ 

— 
ww 

Y 7 

- 

>» 

Ss 

- 

m ‘ 
Lee 

= 

- 

— 

> 

‘ 

« 


LT 


C ao 


A 


|. Seeee eee Me 


AV 


; 


v 


v 


= 


ae 


UV 


viv 
3 


Nv 


ve 


© 


nernmnrercrwentnruraenomnmn nn mnan at Oe tn oem 


A. 


eebeee 


f 
ee tere rece ree. 


S05 


‘ 


VT 


€ 


vv 
“Vv 


p 


ee 


Vv 


on. eee 


c 


: 2» & 
<a 


coe SS Fever 


f 


i \ 


pr 


Vi 


if 


La 


PA 


Viv 


serene ett nent ett COOP OP OCOECCOLO HOD dace on tenn cara ccmn wate ce race ane aoe 
noon wees ~ 


coe ee na raceme reteetne renee teen Pet enet et DLT OD Le CLLEGE HG Ot Hate: 


eeccecenemnrowanemnnnnnwen dn oc nh cnaatetdenee b1cssesavs ce tenewecseens recy co rene rane nade tere Es 
eeredrecesersas mere pe eneeen anne: 


326 
327 


304 


411 
412 
413 
414 
415 
416 
417 


418 


419 


420 


421 


422 


423 


305 


306 


307 


(24) 


IBM 360-67 FORTRAN REGRESSION PROGRAM 


DATA JSEX/* "/,JLK/* v4 
INTEGER WNUM,TNUM,FNUM,SNUM 
JCOUNT=1 


WRITE( 6,326) JCCUNT 

FORMAT (%1"5//538Xy*(%,11,')") 
WRITE (6,327) 

FORMAT(* %4//534X,"APPENDIX B?) 
WRITE(6,304) 

FORMAT(* ',//, 


112X,*WEIGHTED REGRESSION ANALYSIS OF ALBERTA’, 
21X,*ROP BEEF CATTLE PROGRAM") 


WRITE(6,411) 

FORMAT(* *3;//7520X,*DEFINITION CF TERMS") 

WRITE(6,412) 

FORMAT(*® %,//7,12X,"HERD = TATTCO LETTERS OF EACH HERD!) 
WRITE(6,413) 


FORMAT(*® %,/,12X,'SEX = SEX OF EACH YEAR GROUP') 

WRITE(6,414) 

FORMAT{* *,/,12X,"YEAR = YEAR IN WHICH THE ANIMALS WERE WEANED') 
WRITE(6,415) 

FORMAT(* ',7512X%9*WNUM = NUMBER OF ANIMALS WEANED!® ) 


WRITE(6,416) 

FORMAT(* "37 512Xs*WAVE 
WRITE(6,417) 

FORMAT(* %,7,12X,*AWAVE = ADJUSTED ADG TO WEANING FOR EACH GROUP") 
WRITE(6,4192) 


ADG TC WEANING FOR EACH GROUP?) 


FORMAT(* %,/512X5"TNUM = NUMBER OF ANIMALS TYPE SCORED*) 
WRITE(67419) 

FORMAT(® %97312Xs*TAVE = AVERAGE TYPE SCORE FOR EACH GROUP') 
WRITE(6,420) 

FORMAT(* *%,7312X,*'FNUM = NUMBER OF ANIMALS ON FEED TEST*) 


WRITE{(6,421) 

FORMAT (* %7,12X_"FAVE 
WRITE(6,422) 

FORMAT(*® %4/312Xs"SNUM 
WRITE(6,423) 

FORMAT(* ',7,12Xy*AWDA 
WRITE(6,305) 

FORMAT(* "5/7, 


ADG ON FEED TEST FOR EACH GROUP") 


NUMBER OF ANIMALS ON WT/DAY OF AGE TEST") 


AVERAGE WT/CAY OF AGE FOR EACH GROUP*) 


112X%,*WEAN = REGRESSION COEFFICIENT OF ADG TO WEANING ON YEARS*) 


WRITE( 6,306) 
FORMATI{* "%y/, 


112X,*TYPE = REGRESSION COEFFICIENT OF FINAL TYPE SCORE ON YEARS") 


WRITE(6,307) 
FORMAT(" '5/,4 
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REGRESSICN PROGRAM--CONTINUED 


112X,*FEED = REGRESSION COEFFICIENT OF ADG ON FEED ON YEARS®*) 
WRITE(6, 303) 
303 FORMAT(" ',/, 
112X,"WTAGE = REGRESSION COEFFICIENT OF FINAL WI/AGE ON YEARS®) 
JCOUNT=2 
WRITE(6,303) JCCUNT 
308 FORMAT(*1',//433X%5"(",115!)") 
WRITE( 6,309) 
309 FORMAT{" %,/,29X,"APPENDIX B--CONTINUED®) 
WRITE{ 6,310) 
310 FORMAT("0%,/,12X,"HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE TNUM®, 
11X,"FAVE SNUM AWDA',/) 
ICOUNT=0 
KEND=1 
100 READ(5,200,£ND=404) [ERD, ISEX, 1 YEAR » WNUM,WAVE,AWAVE, TNUM, 
LTAVE, FNUM,FAVE,SNUM,AWDA 
200 FORMAT{(A4,A1 412918, 2F8 «343118, F8.3)) 
IF(ISEX.EQ.JSEX) GO TO 10 
ICOUNT=ICOUNT#41 
IF {JSEX.EQ.JLK) GO TO 20 
GO TO 405 
404 KEND=9 
405 CONTINUE 
WEAN={ SUM1-( SUM2*SUM3/SUM4) ) /( SUM5-(SUM2**2/SUM4) ) 
TY PE={-1.0%( SUM7—(SUM8*SUM9/SUMLO) )/(SUML1—-( SUM8**2/SUM10))) 
FEED={SUM13-(SUM14*SUML5/SUM16))/(SUMLT—-(SUM14**2/SUM16) ) 
WTAGE={(SUM28-( SUM29%SUM30/SUM3 1) )/ (SUM32-( SUM29%*2/SUM31)) 
S SY W=SUM6-SUM3**2/SUM4 
SSYT=SUM12-SUM9**2/ SUMLO 
SSYF=SUM13—-SUM15**2 / SUML6 
SSYS=SUM33-SUM30**2 /SUM3 1 
REDW=({SUM1—( SUM2*SUM3 ) / SUM4)**2) 7 (SUM5—(SUM2**2/SUM4) } 
REDT=( (SUM7—{SUM38*SUM9 )/SUM1LO) ¥*2) / (SUML1-{ SUM8**2/SUM10)) 
RENF=({ SUM13-(SUM1L4*SUML5) /SUML6)**2)/(SUMLT7—{ SUML4**2/SUM16) ) 
REDS={ (SUM23-(SUM29*SUM30)/SUM2L) **2)/(SUM32—( SUM29**2/SUM31) ) 
S2YXW= (SSYW-REDW)/( WYCNT-2) 
S2YXT=( SSYT-REDT)/{ TYCNT-2) 
S2YXF=( SSYF-REDEI/( FYCNT-2) 
S2YXS=(SSYS-REDS)/{ SYCNT-2) 
SYXW=S2YXWE*O. 5 
SYXT=S2YXT#*0.5 
SYXF=S2YXF**0 25 
SYXS=S2YXS**0.5 
S2BW=S2Y XW/{ SUMS-(SUM2**2/SUM4)) 
S2BT=S2YXT/(SUM1L1—( SUM8**2/SUM10)) 
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REGRESSICN PROGRAM--CONT INUED 


S2BF=S2Y XF/( SUM17-( SUM14**®2/SUM16) ) 
S2BS=S2YXS/(SUM32—( SUM29 **2/SUN31)) 
SBW=S2BW**0.5 

SBT=S2BT*¥*0.5 

SBF=S2BF**0.5 

SBS=S2BS**0.5 

TESTW=WEAN/SBW 

TESTT=TYPE/SBT 

TESTF=FEED/SBF 

TESTS=WTAGE/SBS 

FW=TESTW**2 

FT=TESTT#*#2 

FF=TESTF*#*2 

FS=TESTS**2 
TOPWT=(-—1.0*(SUM1L9—-(SUM22*SUM9/SUM10))) 
ABYWT=SUM25—-{( SUM22*SUM22/SUM19) 
ABOTWT=ABWT**0.5 

RBWT=SUM12-—( SUM9*SUM9/SUM10) 
RBOTWT=RBWT**0.5 
CORWT=TOPWT/ (ABOTWT *RBOTHT) 

TOPWF=( SUM20-—{( SUM23 *SUM15/SUM16) } 
ABWF=SUM26-—(SUM23*SUM2 3/SUM16) 
ABOTWF=ABWF**0.5 

RBWF=SUM18- (SUM15*SUM15/SUM16) 
RBOTWF=RBWF**0.5 
CORWF=TOPWF / (ABCTWF *RBOT WF ) 
TOPWS=(SUM3 7-{ SUM38 *SUM3 0/SUM31)) 
ABWS=SUM39—{ SUM38*SUM38/SUM31) 
ABOTWS=ABWS**0.5 
RBWS=SUM33-(SUM30*SUM30/SUM31) 
RBCTWS=RBWS**0.5 
CORWS=TOPWS/(ABCTWS*RBCTWS) 
TOPTF=(-1.0*( SUM21—{ SUM9*SUM24/SUM10))) 
ABTF=SUM12-(SUM9*SUM9/SUM10) 
ABOTTF=ABTF**0.5 
RBTF=SUM27—{( SUM24*S UM24/ SUM10) 
RBOTTF=RBTF**0.5 

CORTF=TOPTF/ (ABOTTF*RBOTTF ) 
TOPTS={-1.0%*{ SUM40- ( SUM4 2*SUM9/SUM10))) 
ABTS=SUM12—( SUM9*SUM9/SUM1LO) 
ABOTTS=ABTS**0.5 
RBTS=SUM41—-( SUM42 *S UM42/ SUM10) 
RBOTTS=RBTS**0.5 
CORTS=TOPTS/(ABOTTS*RBOTTS) 

TOPF S= (SUM43-(SUM44*SUM3 0/SUM31)) 
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REGRESSION PROGRAM--CONTINUED 


ABFS=SUM45—-{ SUM44*S UM44/ SUM31) 
ABOTFS=ABFS**#0.5 
RBFS=SUM33-{(SUM30*SUM30/SUM31) 
RBOTFS=RBFS**0.5 

CORFS=TOPFS/ (ABOTFS*RBOTFS) 
WRITE(6,300)WEAN, TYPE, FEED,WTAGE 
FORMAT(* *",11X_,*WEAN =*,F7.392Xy"TYPE =" ,F7.392Xy* FEED =",F7.3, 
L2X,'WTAGE = eFT7<33/) 

WRITE(6,990) SSYWsSSYT,SSYF»SSYS 
FORMAT(? *,5X94(F72395X) 9/7) 
WRITE(6,991)REDW,REDT,REDF,REDS 
FORMAT(* *55X%941F70395X) 5//) 
WRITE(6,992) S2YXWy S2YXT, S2YXFy S2YXS 
FORMAT(* *,5X%,4(F7.3395X)9//) 
WRITE(6,993)SYXW,SYXT, SYXF,SYXS 
FORMAT(* *55X%94(F7.395X) 9//) 
WRITE(6,994) S2BW,S2BT,S2BF,S28S 
FORMAT(*® *,5X%44(F7.395X)3//) 
WRITE(6,S95)TESTW,TESTT,TESTF,TESTS 
FORMAT(® *,5X94(F7.395X)9//) 
WRITE(6,996)CORWT, CORWF, CORT F,CORFS,CORWS,CORTS 
FORMAT(* '55X96(F72395X)5//) 
WRITE(6;3 997) FW,FTsFFSFS 

FORMAT(* 455X,4(F7.395X),//) 
WRITE(6,993) SBW, SBT, SBF,SB8S 
FORMAT(® *,5X%940F72395X)3//) 
IF{KEND.EQ.0) GO TO 400 
IF({ICOUNT.NE.5) GO TO 20 
JCOUNT=JCOUNT+41 

L[F{( JCOUNT.GT.9) GO TO 33323 
WRITE(6,331) JCCUNT 
FORMAT('1',//938X%o"(',1T1,')*) 

GO TO 336 

WRITE(6, 332) JCOUNT 

FORMAT{* 1°,//338X%,'(',12,°)*) 
WRITE(6, 337) 

FORMAT(!? *,//7534X,"* APPENDIX B--CONTINUED") 
WRITE{6,325) 
FORMAT(°0*,//512X,'HERD SEX YEAR WNUM WAVE AWAVE TNUM TAVE FNUM', 
11X,*FAVE SNUM AWDA! ,/) 

ICQUNT=1 

JSEX=ISEX 

JERD=IERD 

WYCNT=0 

SUM1=0 
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REGRESSICN PROGRAM--CONTINUED 


SUM2=0 

SUM3=0 

SUM4=0 

SUM5=0 

SUM6=0 

TYCNT=0 
SUM7=0 

SUMB=0 

SUMS=0 

SUM10=0 
SUM11=0 
SUM12=0 
FYCNT=0 
SUM13=0 
SUM14=0 
SUM15=0 
SUM16=0 
SUM17=0 
SUM1 8=0 
SUM19=0 
SUM20=0 
SUM21=0 
SUM22=0 
SUM23=0 
SUM24=0 
SUM25=0 
SUM26=0 
SUM27=0 
SYCNT=90 
SUM28=0 
SUM29=0 
SUM30=0 
SUM31=0 
SUM32=0 
SUM33=0 
SUM34=0 
SUM25=0 
SUM36=0 
SUM37=0 
SUM38=0 
SUM39=0 
SUM40=0 
SUM41=0 
SUM42=0 
SUM43=0 
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REGRESSICN PROGRAM--CONTINUED 


SUM44=0 
SUM45=0 
10 JYEAR=I YEAR 
WRITE(6,350) JERDsJSEX,y JYEARs WNUM, WAVE, AWAVEsTNUMyTAVE, 
LFNUM,FAVE,SNUM,ZAWDA 
350 FORMAT(® *,11X9A4,2X%,A1_215y2F 6.25 3(145F6.2)) 

YEAR=1 YEAR-59 
WYCNT=WYCNT+41 

SUM1L=WNUM*YE AR*WAVE+SUM1 
SUM2=WNUM*YE AR+SUM2 
SUM3=WNUM*WAVE+SUM3 
SUN4=WNUM+ SUM4 
SUM5=WNUM*YE AR *YEAR4SUM5 
SUM6=WNUM*WAVE *WAVE+SUM6 
IF{TNUM.EQ.0.0) GO TCO 101 
TYCNT=TYCNT41 

SUMT=TNUM*YE AR*TAVE+SUM7 
SUMB=TNUM*YE AR+SUM8 
SUM9=TNUM*TAVE4+SUM9 
SUM10=TNUM+SUM10 
SUM1L1=TNUM*YEAR* YEAR#SUM11 
SUM1L2=TNUM*TAVE*TAVE4+SUM12 
SUMLO=TNUM*WAVE*TAVE4+SUM19 
SUM21=TNUM*TAVE*FAVE+SUM21 
SUM22=TNUM*W AVE+ SUM 22 
SUM24=TNUM*FAVE+SUM24 
SUM25=TNUM*WAVE*WAVE+SUM25 
SUM27=TNUM*FAVE*FAVE+SUM27 
SUM40=TNUM*T AVEX AWD A4+SUM4O 
SUM41=TNUM*AWDA*AWDA+SUM41 
SUM4 2= TNUM* AWDA+SUM42 

101 IF{FNUM.EQ.0.0) GO TO 102 

FYCNT=FYCNT+1 

SUM13=F NUM*YEAR*FAVE4+SUM13 
SUM14=FNUM*YEAR+SUM14 
SUM15=FNUM*F AVE+SUM15 
SUM16=FNUM+SUM16 

SUM1 7=FNUM*YEAR*YEAR+SUM1L7 
SUM18=FNUM*F AVE*FAVE+SUM18 
SUM20=F NUM*WAVE* FAV E+SUM20 
SUM23=FNUM*WAVE+ SUM 23 
SUM26=FNUM*WAV E*WAV E4+SUM26 
SUM34=FNUM*AWDA*FAVE+SUM34 
SUM3 5=FNUM* AWDA+SUM35 

SUM3 6=F NUM*AWDA* AWDA+SUM36 
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REGRESSICN PROGRAM--CONTINUED 


IF({SNUM.EQ.0.0) GO TC 100 
SYCNT=SYCNT4#1 

SUM2 8=SNUM*YEAR* AWD A4+SUM28 
SUM29= SNUM*¥YEAR+SUM29 
SUM30=SNUM*AWDA+SUM30 

SUM3 1=SNUM+SUM31 

SUM3 2=SNUM*YEAR* YEAR+SUM32 
SUM3 3=SNUM*AWDA*AWDA+SUM33 
SUM3 7=SNUM*WAVE*AWDA+SUM37 
SUM3 8=SNUM*WAVE+SUM38 

SUM3 9=SNUM*WAVE* WAVE +SUM 239 
SUM43=SNUM*F AVE*AWNDA+SUM43 
SUM44=SNUM*FAVE4+SUM44 
SUM45=SNUM*FAVE*FAVE+SUM45 
GO. TO 100 

WRITE(6,450) 


FORMAT(® "4/7 512X_,"LAST HERD WRANGLED®) 


STOP 
END 


MINUTES EXECUTION TIME 
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